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PREFACE 
The original proposal that IIASA should undertake a study 
in the Forest Industries was first proposed by Finnish repre- 
sentatives in 1978 and it was incorporated into the Research 
Plan for the Institute for 1979.  Preparatory work was carried 
out during 1979 and on 8-11 January, 1980 an inaugural Workshop 
on these topics was held at IIASA with 40 participants from 12 
countries. The countries represented in the meeting contribute 
about 70% of the world's total trade of Forestry products. 
This really was an indication of the interest in the proposed 
study . 
This publication includes most of the material presented at 
this Workshop. One paper (by L. Hultkranz) was not actually 
presented but the text was distributed to the participants. 
The Appendix includes a short summary of the Workshop with the 
agenda, list of participants and some background material for 
IIASA's Forest Industry project. 
 he workshop supported the proposed project giving useful 
feedback for the continued planning and work of the project. 
It was also decided to publish the material of the workshop as 
an IIASA Collaborative Paper so as to document the work of this 
international meeting. 
I take this opportunity of thanking all authors for their 
contribution to the Workshop and in this publication. It is an 
example of successful international collaboration. 
Paavo Uronen 
MMT 
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GENERAL PART 
KEYNOTE ADDRESS 
by 
M r .  P e n t t i  R a u t a l a h t i  
F o r e s t  i n d u s t r y  i s  a wor ld  w i d e  i n d u s t r i a l  l i n e  b a s e d  on 
t h e  u s e  o f  n a t u r a l  r e s o u r c e s .  N a t u r a l l y  i t s  most i m p o r t a n t  
r a w  m a t e r i a l  i s  wood. The o t h e r  i m p o r t a n t  r e s o u r c e  s i m i l a r l y  
i m p o r t a n t  to  t h e  i n d u s t r y  i s  energy .  The i n d u s t r y  u s e s  a  l o t  
o f  a l l  known forms of f u e l  such as o i l  a n d  c o a l .  The f e a t u r e  
wor th  ment ion ing  i s  t h a t  the f o r e s t  i n d u s t r y  can e a s i e r  t h a n  
o t h e r  i n d u s t r i e s  u s e  t h e  so c a l l e d  renewable  n a t u r a l  r e s o u r c e s  
a s  an energy  s o u r c e .  O f  c o u r s e  t h i s  means f i r s t  o f  a l l  wooden 
biomass.  A good example of t h i s  u s e  i s  a modern s u l p h a t e  
m i l l ,  i n  which the o n l y  i n p u t  i s  wood. 
The other c h a r a c t e r i s t i c  o f  t h e  i n d u s t r y  i s  h i g h  c a p i t a l  
i n t e n s i v e n e s s .  Thanks to  i t s  l o n g  age  t h e  i n d u s t r y  i s  a l s o  
a very  mature  i n d u s t r i a l  a r e a .  These t w o  f a c t o r s  mean t h a t  
changes  i n  t h e  f o r e s t  i n d u s t r y  are s low.  T h i s  goes  f o r  bo th  
p r o d u c t s  and t h e  b a s i c  s t r u c t u r e  o f  t h e  p r o c e s s .  
However, c o n t i n u o u s  changes  and e v o l u t i o n  t a k e  p l a c e  i n  
numerous s e p a r a t e  d e t a i l s .  During a  l o n g e r  p e r i o d  of t i m e  
t h i s  e v o l u t i o n  h a s  been a l m o s t  r e v o l u t i o n a l .  Good examples 
of t h e  e v o l u t i o n  i n  t h e  f o r e s t  i n d u s t r y  are t h e  improvements 
c a r r i e d  o u t  i n  p r o c e s s  c o n t r o l  and au tomat ion .  A t  leas t  
i n  F i n l a n d  t h e  forest i n d u s t r y  h a s  a c t u a l l y  been t h e  p i o n e e r  
i n  a l l  c e n t r a l  a p p l i c a t i o n s  i n  t h i s  f i e l d .  
The f i r s t  process c o m ~ u t e r  i n  S c a n d i n a v i a  w a s  i n s t a l l e d  i n  
a F i n n i s h  p a p e r  m i l l  a s  e a r l y  as 1963. O p e r a t i o n s  Resea rch  
a ~ ~ l i c a t i o n s  s t a r t e d  a l s o  i n  f o r e s t  i n d u s t r y  i n c l u d i n g  a t  a  
v e r y  e a r l y  s t a g e  comprehensive p r o c e s s  and c o r p o r a t i o n  models 
based  on t h e  u s e  o f  computers .  
~ h u s  the f o r e s t  i n d u s t r y  has  v e r y  l o n g  t r a d i t i o n s  on the 
u s e  o f  sys tems  a n a l y s i s  methods. The p r o j e c t  t h a t  w i l l  now 
b e  l aunched  w i l l  t h e r e f o r e  ve ry  n a t u r a l l y  c o n t i n u e  the work 
c a r r i e d  o u t  e a r l i e r .  
A g a i n s t  t h e  background o f  the development work performed 
i n  F i n l a n d  it is  o n l y  n a t u r a l  that  the F i n n i s h  f o r e s t  
i n d u s t r y  h h s  t a k e n  the i n i t i a t i v e  i n  the p r o j e c t  concerned.  
W e  have n o t ,  however,  done s o  f o r  g e n e r a l  o r  p u r e l y  
s c i e n t i f i c  r e a s o n s .  I s h o u l d  l i k e  t o  emphasize t h e  f o l l o w i n g  
f a c t :  F i n l a n d ' s  a i m  is  t o  g e t  th rough  this p r o j e c t  such  
r e s u l t s  as can b e  a p p l i e d  i n  p r a c t i c e  and can  c o n t r i b u t e  
t o  the p r o f i t a b i l i t y  o f  the i n d u s t r y .  
I t  goes  w i t h o u t  s a y i n g  t h a t  F i n l a n d  w i l l  g i v e  i t s  f u l l  
s u p p o r t  t o  this p r o j e c t  concerned.  A p r o o f  o f  t h i s  is t h a t  
the r e f e r e n c e  o r g a n i s a t i o n  o f  the p r o j e c t  i n  F i n l a n d  is  
the Research  Committee o f  t h e  C e n t r a l  A s s o c i a t i o n  o f  t h e  
F i n n i s h  F o r e s t  I n d u s t r i e s ,  which is  the fo rmal  body 
r e p r e s e n t i n g  the whole F i n n i s h  f o r e s t  i n d u s t r y .  
A s  w e  w i l l  now start t o  set t a r g e t s  f o r  this p r o j e c t  
I t a k e  the l i b e r t y  of s u g g e s t i n g  the f o l l o w i n g  cr i te r ia  
f o r  t h e  b a s i s  o f  the d i s c u s s i o n :  
1. The p r o j e c t  and its r e s u l t s  s h o u l d  b e  as 
a p p l i c a b l e  as p o s s i b l e  and c o n t r i b u t e  t o  the 
p r o d u c t i v i t y  o f  t h e  i n d u s t r y .  
2 .  The scope o f  the p r o j e c t  must  b e  as wide  
as p o s s i b l e  c o v e r i n g  the whole p r o c e s s  from 
f o r e s t  t o  marke t s  so that  a l l  a r e a s  o f  t h i s  
c h a i n  are w e l l  ba lanced .  
3. I t  might  be a d v i s a b l e  t o  s t i p u l a t e  the t i m e  
s c h e d u l e  o f  t h e  p r o j e c t  as s p e c i f i c a l l y  as 
The f o l l o w  up o f  t h e  p r o j e c t  s h o u l d  
b e  d e f i n e d ,  e .g .  i n  form o f  seminars .  
Under t h e  criteria,  t h e  fol lowing t a r g e t s  and r e s u l t s  from 
t h e  p r o j e c t  a r e  d e s i r a b l e :  
1. P r e p a r a t i o n  o f  a comprehensive s t a t e - o f  - t he -a r t  
r e p o r t  on system a n a l y s i s  methods i n  t h e  f o r e s t  
i n d u s t r y :  what has  been done, d i f f i c u l t i e s  i n  
t h e  a p p l i c a t i o n  a t  t h e  p r a c t i c a l  l e v e l .  
2. A t o o l  t h a t  would h e l p  the d e c i s i o n  making w i t h i n  
t h e  i n d u s t r y  i n  10 t o  15  y e a r s  t i m e  span.  The t o o l  
is n o t  n e c e s s a r i l y  a mathematical  model; 
a c o l l e c t i o n  of  s t a t emen t s  o f  cause and e f f e c t ,  
probable  t r e n d s  wi th  d i f f e r e n t  assumptions,  etc. 
could  a l s o  be u s e f u l  t o  t h e  i n d u s t r y .  
3. The use  o f  t h e  above mentioned t o o l  t o  ana lyze ,  
how t o  develop material, energy ,  c a p i t a l  and 
human r e source  p r o d u c t i v i t y  w i t h  p o s s i b l e  environ- 
mental  and s o c i a l  side e f f e c t s .  
I should  a l s o  l i k e  t o  expres s  my p l e a s u r e  f o r  the d e c i s i o n  
made i n  favour  of  t a k i n g  t h i s  p r o j e c t  i n  t h e  IIASA programme. 
I rest a s s u r e d  t h a t  IIASA as a m u l t i n a t i o n a l  o r g a n i z a t i o n  is 
t h e  most s u i t a b l e  forum f o r  t h i s  s tudy .  W e  have reasons  t o  
b e l i e v e  t h a t  it could  n o t  be c a r r i e d  o u t  s o  e f f i c i e n t l y  and 
s u c c e s s f u l l y  i n  s e p a r a t e  c o u n t r i e s .  An i n t e r n a t i o n a l  
o rgan iza t ion  is  i d e a l  f o r  t h i s  purpose,  because t h e  f o r e s t  
i n d u s t r y  i t s e l f  is  i n t e r n a t i o n a l .  The e f f o r t s  made by many 
c o u n t r i e s  can be combined, and s u r e l y  t h e  r e s u l t s  from a 
coord ina ted  i n t e r n a t i o n a l  s tudy  could be more profound than 
i f  t h e  r e sea rch  p r o j e c t s  would be carried o u t  s e p a r a t e l y  i n  
each country .  The views and f i n d i n g s  o f  bo th  e a s t e r n  and 
wes te rn  c o u n t r i e s  can be taken i n t o  account under j o i n t  
l eade r sh ip .  Th i s  w i l l  g r e a t l y  i n c r e a s e  the value  of t h e  
s tudy  t o  any country  concerned. 
Good luck and good r e s u l t s  t o  t h e  p ro j ec t !  
THE FOREST INDUSTRY - ISSUES FOR THE EIGHTIES 
An Overview o f  Impor t a n t  Issues Fac ing  t h e  F o r e s t  P roduc t s  
I n d u s t r y  i n  t h e  Uni ted  S t a t e s ,  by, P. E. W r i s t  
In cons ide r ing  t h e  i s s u e s  f a c i n g  t h e  U .  S .  f o r e s t  i n d u s t r i e s  
dur ing  t h e  e i g h t i e s ,  f i v e  broad a r e a s  emerge. They a r e :  
.- Continued a v a i l a b i l i t y  a n d  r ea sonab le  c o s t  of 
our  b a s i c  raw m a t e r i a l .  
- Environmental p r o t e c t i o n  i n  o u r  f o r e s t r y  oper -  
a t i o n s ,  manufactur ing p l a n t s ,  and i n  t h e  u l t i m a t e  
d i sposa l  of o u r  produc t s .  
- Energy supply and c o n s e r v a t i o n ,  and a n  i n c r e a s -  
- i n g  ' level of s e l f - s u f f i c i e n c y .  
- Increased  c a p i t a l  e f f i c i e n c y ,  both i n  t h e  use of 
e x i s t i n g  a s s e t s  a n d  i n  t h e  c r e a t i o n  of f u t u r e  
ones .  
- Product  s p e c i f i c a t i o n s  t h a t  more a c c u r a t e l y  r e -  
f l e c t  t h e  performance deman'ded by t h e  marke t ' s  
In tended use requi rements .  
I  w i l l  c o n c e n t r a t e  my remarks on t h e s e  a r e a s  and would s t r e s s  t h a t  
I  am r e f l e c t i n g  p r i m a r i l y  an i n d u s t r j a l  and p r i v a t e  s e c t o r  v iewpoin t .  
From a  n a t i o n a l  p o l i c y  viewpoint  t h i s  l i s t  i s  c l e a r l y  incomple te .  
Other i s s u e s ,  a f f e c t i n g  f o r e s t  u se ,  a r i s e  o u t s i d e  t h e  i n d u s t r i a l  
s e c t o r  a n d  must be cons idered  i n  an ~ v c r a l l  n a t i o n a l  f o r e s t  p o l i c y .  
These a d d i t i o n a l  i s s u e s  a r e  impor tan t  f a c t o r s  of t h e  n a t i o n a l  f o r e s t  
assessment  program t h a t  has r e c e n t l y  been undertaken by t h e  U .  S .  
Fores t  S e r v i c e ,  about which Dr. Clark R o w  a n d  o t h e r s  w i l l  be t a l k i n g  
l a t c r  i n  t h c  program. 
The Supp ly  a n d  Demand o f  o u r  B a s i c  Raw M a t e r i a l  - F o r e s t s .  
Any a n a l y s i s  o f  t h e  supply /demand r e l a t i o n s h i p  f o r  U. S. F o r e s t  
p r o d u c t s  must t a k e  i n t o  a c c o u n t  two i m p o r t a n t  s t r u c t u r a l  
c h a r a c t e r i s t i c s .  
1. The v e r y  d e c e n t r a l i z e d  and he te rogeneous  n a t u r e  
o f  f o r e s t  ownersh ip .  
2. The s t r u c t u r a l  i n t e g r a t i o n  t h a t  has t a k e n  p l a c e  
o v e r  t h e  p a s t  two decades between i n d u s t r i a l  
e n t e r p r i s e s  i n  t h e  p r e v i o u s l y  s e p a r a t e  1 umber 
and s o l i d  wood p r o d u c t s  s e c t o r s  on t h e  one hand 
and t h o s e  o f  t h e  p u l p ,  paper ,  and paperb-oard  
s e c t o r s  on t h e  o t h e r .  T h i s  i n t e g r a t i o n  has l e d  
t o  i n c r e a s e d  o p t i o n s  f o r  o p t i m i z i n g  r e s o u r c e  use 
and g r e a t e r  o v e r a l l  u t i l i z a t i o n  e f f i c i e n c i e s .  
L e t  me b r i e f l y  t a l k  a b o u t  t h e  d i v e r s i t y  o f  o w n e r s h i p  i s s u e s  - and 
i t s  r e l a t i o n s h i p  t o  a  b r o a d  i n d u s t r y  c o n c e r n  f o r  i n c r e a s e d  p r o -  
d u c t i v i  t y .  The U. S.  f o r e s t  sys tem a p p r o x i m a t e l y  c o v e r s  740 m i l l  i o n  
a c r e s  o f  f o r e s t  l a n d ,  o r  o n e - t h i r d  o f  t h e  l a n d  a r e a .  O f  t h i s  t o t a l  
a p p r o x i m a t e l y  t w o - t h i r d s ,  o r  488 m i l l i o n  a c r e s ,  a r e  c o n s i d e r e d  as 
s u i t a b l e  f o r  " p o t e n t i a l "  use as commerc ia l  f o r e s t  l a n d .  O f  t h e s e  
p o t e n t i a l  commerc ia l  f o r e s t  l a n d s ,  14 p e r c e n t  a r e  owned by  t h e  
f o r e s t  p r o d u c t s  i n d u s t r y , 2 8  p e r c e n t  by s t a t e  and f e d e r a l  governments,  
and 58 p e r c e n t  by p r i v a t e  f a r m e r s  and landowners ,  e s t i m a t e d  t o  ex-  
ceed 4  m i l l i o n  i n  number. 
There  i s  a  v e r y  w i d e  range  i n  t l i e  l e v e l  o f  f o r e s t  management p r a c -  
t i c e d  - b o t h  r e g i o n a l l y  and by o w n e r s h i p  c l a s s  - and a l s o  a  w i d e  
range o f  managenlent o b j e c t i  ves. These d i  f f e r e n c e s  a r e  r e f 1  c c t e d  i n  
f o r e s t  p r o d u c t i v i t y  s t a t i s t i c s .  As a  c l a s s ,  i n d u s t r y  owned l a n d s  
have t h e  h i g h e s t  a v e r a g e  p r o d u c t i v i t y ,  58 c u . f t .  of new growth p e r  
a c r e  p e r  y e a r .  O the r  p r i v a t e  l a n d s  a v e r a g e  45 c u . f t .  p e r  a c r e  p e r  
y e a r ,  and t h o s e  o f  p u b l i c  (government )  l a n d  a v e r a g e  35 c u . f t .  p e r  
a c r e  p e r  y e a r .  These f i g u r e s  r e f l e c t  t h e  d i f f e r i n g  emphas i s  
p laced  by t h e  ownersh ip  groups  on f o r e s t  management o b j e c t i v e s ,  
u s e s ,  and p r i o r i t i e s .  The r e a l i z a b l e  y i e l d  o f  f o r e s t  p r o d u c t s  
from t h e  n a t i o n ' s  commercial f o r e s t  l a n d s  i s  t h e r e f o r e  i n f l u e n c e d  
a s  much by p u b l i c  p o l i c y  d e t e r m i n a t i o n s  and by ownersh ip  o b j e c t i v e s  
a s  much a s  i t  i s  by t h e  normal b i o l o g i c a l  f a c t o r s  of c l i m a t e ,  s o i l  
c h a r a c t e r ,  and f o r e s t  t y p e .  
Let  me b r i e f l y  summarize t h e  r e s u l t s  o f  a  major  s t u d y  s t a r t e d  f i v e  
y e a r s  ago and j u s t  comple ted  by t h e  U .  S.  f o r e s t  p r o d u c t s  i n d u s t r y .  
A n t i c i p a t i n g  t h e  need f o r  h i g h e r  o u t p u t  from o u r  commercial  f o r e s t s  I 
i n  t h e  n e a r  f u t u r e ,  a  s t u d y  was i n i t i a t e d  t o  d e t e r m i n e  t h e  e x i s t i n g  
p r o d u c t i v i t y  of t h e  commercial f o r e s t  l a n d s  and t h e  p o t e n t i a l  and 
c o s t  f o r  more p r o d u c t i v e  management s t r a t e g i e s  i n  t h e  f u t u r e ,  
The e x a m i n a t i o n  was c a r r i e d  o u t  f o r  each  o f  25 major  f o r e s t  produc-  
i n g  s t a t e s ,  r e p r e s e n t i n g  8 3  p e r c e n t  o f  t h e  t o t a l  commercial  f o r e s t  
l a n d s .  With in  each  s t a t e  f o r e s t  a r e a s  were c a t e g o r i z e d  by f o r e s t  
t y p e ,  s o i l  c h a r a c t e r i s t i c s ,  p r e s e n t  p r o d u c t i v i t y ,  and p r e s e n t  
management l e v e l .  For each  c a t e g o r y  t h e  optimum p r o d u c t i v i t y  
p r a c t i c e s  were i d e n t i f i e d  from some twen ty  o r  more a1 t e r n a t i v e s .  
These a l t e r n a t i v e s  were l i m i t e d  t o  proven and a c c e p t a b l e  manage- 
ment t e c h n i q u e s .  E s t i m a t e s  were made o f  t h e  c o s t  of  chang ing  from 
p r e s e n t  t o  t h e  optimum management p r a c t i c e s ,  and o n l y  t h o s e  which 
met normal i n d u s t r i a l  i n v e s t m e n t  c r i t e r i a  were c o n s i d e r e d  t o  be 
economically pract i  ca l .  Improved management p rac t i  ces , were found 
t o  be economically j u s t i f i e d  f o r  about 28 percent  of the  com- 
mercial f o r e s t  lands a t  today's  p r ices ;  and f u r t h e r ,  i f  adopted, 
these improvements were estimated t o  increase  the n a t i o n ' s  annual 
growth r a t e  by 50 percent over ex i s t i ng  l e v e l s .  
For each of the  areas  i n  which investment was economically a t t r a c -  
t i v e ,  the  study i d e n t i f i e d  a  preferred management s t r a t e g y .  In 
many cases the  change required consisted of c l ea r ing  t he  e x i s t i n g  
stand and replant ing with improved stock.  In some s o i l  c l a s se s  
the preferred stock required a  change from hardwood t o  softwood 
f o r e s t .  
The next s t ep  of t h i s  p ro jec t  i s  t o  'consider  implementation 
s t r a t e g i e s .  'These must c l e a r l y  involve considera t ion of s o c i a l ,  
f i n a n c i a l ,  t axa t ion ,  and o ther  f a c t o r s  i n  addi t ion  t o  purely 
f o r e s t r y  f ac to r s .  There a re  a l s o  t r a n s i t i o n a l  problems t o  re- 
so lve ,  concerned w i t h  the optimum use of c leared stock and the 
r a t e  a t  which the conversion should occur. Developing and 
evaluat ing a l t e r n a t i v e  s t r a t e g i e s  wi l l  e n t a i l  qu i t e  soph i s t i c a t ed  
sys t emsana lys i s ,  whether we a r e  concerned w i t h  the  i s s u e  
nat ional ly  or on a  more l imi ted  regional or  even corpora te  l eve l .  
The second f ac to r  I mentioned i s  the  s t r u c t u r a l  change i n  the 
f o r e s t  products industry i t s e l f .  ~ i s t o r i c a l l y  major companies 
were read i ly  character ized as primari ly lumber a n d  s o l i d  wood 
products producers o r  as pulp a n d  paper companies. Each managed 
i t s  f o r e s t  resources f o r  one or  the o ther  of these  two uses.  
Increased demands, l imited rcscurccs ,  and other  economic f ac to r s  
have f o r c e d  a  change o v e r  t h e  r e c e n t  p a s t .  Today t h e  o u t p u t  o f  
a f o r e s t  must be used t o  s e r v e  a  m u l t i p l e  o f  end p r o d u c t s  i n  o r d e r  
t o  maximize economic r e t u r n .  P roduc t  v a l u e s  a r e  r a n k e d ,  and o u t p u t  
i s  a l l o c a t e d  f o r  maximum r e t u r n .  Pulpwood a s  such  i n  many p a r t s  o f  
t h e  c o u n t r y  has d i s a p p e a r e d  and has been r e p l a c e d  by lumber 
r e s i d u a l s  and o t h e r  r e s i d u e s  o f  t h e  h a r v e s t i n g  p r o c e s s .  
These changes  a r e  e x p e c t e d  t o  c o n t i n u e ,  and i n  t h e  f u t u r e  t h e  
p o t e n t i a l  use o f  f o r e s t  biomass a s  a  f u e l  s o u r c e  w i l l  f u r t h e r  
modify t h e  a l l o c a t i o n  p r o c e s s .  
The n e x t  t h r e e  i s s u e  a r e a s  - E n v i r o n m e n t a l ,  Energy Use, and 
C a p i t a l  E f f i c i e n c y  i n  an i n c r e a s i n g l y  c a p i t a l  i n t e n s i v e  i n d u s t r y  - 
. a l l  r e p r e s e n t  e x t e r n a l i t i e s  whose i m p o r t a n c e  has d r a m a t i c a l l y  
i n c r e a s e d  i n  t h e  p a s t  decade .  P r i o r  t o  1970 t h e r e  had been 
ve ry  few s i g n i f i c a n t  changes  a f f e c t i n g  o u r  i n d u s t r y  f o r  a  g r e a t  
many y e a r s .  The i n d u s t r y  had matured and i t s  s y s t e m s  and sub-  
sys tems  had been o p t i m i z e d  w i t h  r e s p e c t  t o  t h e  s i g n i f i c a n t  
v a r i a b l e s .  As a  r e s u l t ,  most  t e c h n o l o g i c a l  improvements  were 
o f  an i n c r e m e n t a l  n a t u r e .  
During t h e  1 9 7 0 ' s  however,  we were s u d d e n l y  f a c e d  w i t h  d r a m a t i c  
e s c a l a t i o n s  i n  t h r e e  c o s t  s e c t o r s  - e n v i r o n m e n t a l  p r o t e c t i o n ,  
e n e r g y ,  and c a p i t a l  c o n s t r u c t i o n  - d r a m a t i c  even when judged i n  
r e l a t i o n  t o  t h e  i n f l a t i o n  t h a t  o c c u r r e d  i n  n e a r l y  a11 c o s t  s e c t o r s .  
F o r t u n a t e l y ,  t h e r e  has been one o t h e r  d r a m a t i c  change i n  t h e  same 
t ime p e r i o d  of  a more f a v o r a b l e  n a t u r e ,  t h e  a v a i l a b i l i t y  o f  
i n c r c a s i n g l y  sophisticated e l e c t r o n i c  and conlputcr based  p r o c e s s  
control  and production management systems. 
The impact of these  four  ex te rna l  fo rces  has suddenly crea ted  some 
new and chal lenging oppor tun i t i e s  f o r  system ana ly s i s  app l i ca t i on .  
Because of the  h i g h  degree i n  which the  generat ion of wastes ,  
energy use,  and cap i t a l  equipment a r e  i n t e r r e l a t e d  throughout t he  
manufacturing processes,  i t  i s  only poss ib le  t o  respond t o  s i g n i -  
f i c a n t  changes i n  one o r  more of them by looking a t  the  response 
of the  system as a  whole. 
In the  l imi ted  time ava i l ab l e  I wil l  merely touch on t h r e e  broad 
ca tegor ies  of problems t h a t  a r e  of management i n t e r e s t  and which 
o f f e r  oppor tun i t i e s  f o r  systems ana ly s i s .  
A.  Eva1 uating the economic impact of governmental environ- 
mental r egu la t ions .  
Over the  pas t  f i v e  years  our i n d u s t r y ' s  c a p i t a l  
expenditures  have r i s e n  from an e a r l y  l eve l  of 
6 percent of annual expenditures  on manufacturing 
p lan t  t o  an average level  of over 30 percent .  I n  
add i t i on  opera t ing  cos t s  f o r  the  new po l lu t ion  
equipment have a l s o  r i s e n  dramat ica l ly .  S imi la r  
cos t  increases  have been encountered over the  same 
time period by o the r  bas ic  i n d u s t r i e s  such a s  
chemicals,  s t e e l ,  nonferrous meta ls ,  petroleum, e t c .  
Most government at tempts  t o  eva lua te  the  economic 
impact of these regu la t ions  have e s s e n t i a l l y  con- 
s idered  the d i f f e r ence  between equi l ibr ium 
economic scenar ios  before a n d  a f t e r  the  imposi t ion 
o f  t h e  new r e g u l a t i o n s .  U n s t a t e d ,  however ,  i n  
t h e s e  a n a l y s e s  we re  t h e  a s s u m p t i o n s  t h a t  t h e  
changes o c c u r r e d  w i t h o u t  any s y s t e m  i n t e r a c t i o n s  
and t h a t  t h e y  o c c u r r e d  a t  a  s u f f i c i e n t l y  s l o w  r a t e  
s o  t h a t  t h e r e  were  no s i g n i f i c a n t ,  t r a n s i e n t  
d i s t u r b a n c e s  imposed  on t h e  s y s t e m  by t h e  
changes .  To d a t e  t h e  f i n d i n g s  o f  t h e s e  mode l  
s t u d i e s  b e a r  1  i t t l e  r e l a t i o n s h i p  t o  o ' bse rved  e x -  
p e r i e n c e ,  and  t h e  r e s u l t  has been  a  w i d e  d i v e r g e n c e  
be tween  t h e  p o s i t i o n s  t a k e n  b y  g o v e r n m e n t  and  
i n d u s t r y  on t h e  d e v e l o p m e n t  o f  e n v i r o n m e n t a l  
p o l i c y .  
A1 t h o u g h  t h e  d e t a i  1 s  o f  e n v i r o n m e n t a l  r e g u l a t i o n  
v a r y  f r o m  c o u n t r y  t o  c o u n t r y ,  I have  f o u n d  w i d e  
i n t e r e s t  i n  d e v e l o p i n g  i m p r o v e d  m e t h o d o l o g y  f o r  
e v a l u a t i n g  t h e  t o t a l  economic  i m p a c t s  o f  m a j o r  
e n v i r o n m e n t a l  r e g u l a t i o n s .  M i  t h  t h e  1  i m i  t e d  r e -  
s o u r c e s  a v a i l a b l e  t o  s o c i e t y ,  i t  i s  i m p o r t a n t ,  
even  i n  t h e  p u r s u i t  o f  a  s o c i a l l y  d e s i r a b l e  g o a l  
such  as e n v i r o n m e n t a l  p r o t e c t i o n ,  t o  seek  an  
op t imum b a l a n c e  be tween  c o s t  and  b e n e f i t  and 
be tween  r e g u l a t i o n  and economic  i m p a c t .  Economic  
i m p a c t  o f  a  r e g u l a t i o n  i s  n o t  s i m p l y  measured  i n  
t e r m s  o f  c a p i t a l  i n v e s t m e n t  a l o n e  b u t  m u s t  a l s o  
i n c l u d e  s u c h  h a r d  t o  d e f i n e  e f f e c t s  as  a c c e l e r a t e d  
o b s o l e s c e n c e  o f  t h e  e x i s t i n g  c a p i t a l  s t o c k ;  uneven  
a p p l i c a t i o n  o f  c o s t s  t o  a f f e c t e d  p l a n t s  and  t h e  
d i s l o c a t i o n s  t h i s  c r e a t e s  i n  t h e  r e l a t i v e  
c o m p e t i t i v e  s t r u c t u r e  w i t h i n  t h e  i n d u s t r y ;  
d i v e r s i o n  o f  c a p i t a l  f rom o t h e r  uses such as new 
c a p a c i t y ,  p r o d u c t 4  v i  t y  i n v e s t m e n t s ,  and researc 'h  
and development ;  c o n s t r u c t i o n  and o t h e r  d e l a y s  
caused by  r e g u l a t o r y  permi  t n e g o t i a t i o n s ,  e tc . ,  
e t c .  The most  i m p o r t a n t  e f f e c t s  t h a t  s h o u l d  be 
o f  c o n c e r n  t o  t h e  r e g u l a t o r s  a r e  v e r y  o f t e n  t h e  
i n t e r a c t i o n s  and t h e  t r a n s i t i o n a l  impac ts ,  w h i c h  
a r e  n o t  c a p t u r e d  when we i g n o r e  t h e  sys tem 
dynamics . 
The Amer ican e x p e r i e n c e  sugges ts  a  need f o r  more 
a c c u r a t e  economic m o d e l i n g  methodo logy  f o r  e v a l u -  
a t i n g  t h e  i m p a c t  o f  m a j o r  r e g u l a t o r y  change on an 
i n d u s t r i a l  economy. 
B. Enerqy and m a t e r i a l  m o d e l i n g  systems f o r  p r o c e s s  
i n d u s t r i e s .  
The need t o  conserve  energy  and w a t e r  use i n  o u r  
m a n u f a c t u r i n g  p rocesses ,  p l u s  t h e  d e s i r a b i  1  i t y  o f  
r e d u c i n g  was te  d i s c h a r g e s ,  has f o c u s e d  renewed 
i n t e r e s t  on t h e  use of energy  and m a t e r i a l  
b a l a n c e s  a round  t h e  p rocess .  F low b a l a n c e s  have 
been used f r e q u e n t l y  t o  accoun t .  f o r  w a t e r  use 
t h r o u g h o u t  a  p r o c e s s .  Today 'we have i n t e r e s t  
a l s o  i n  t h e  f l o w  o f  m a t e r i a l s  i n  b o t h  t h e  s o l i d  
and t h e  s o l u t i o n  s t a t e ,  as w e l l  as energy  i n  i t s  
v a r f o u s  forms. I n  t h e  case o f  energy  i n  a d d i t i o n  
t o  i t s  q u a n t i t y ,  measured, f o r  example, i n  j o u l e s  
o r  Btu 's ,  we must a l s o  cons ide r  i t s  q u a l i t y  
s i n c e  t h i s  de te rmines  t h e  o p p o r t u n i t i e s  f o r  
re -use  w i t h i n  t h e  system. 
A number of computer based systems have been 
developed f o r  system o p t i m i z a t i o n  such a s  
GEMS, ASPEN, and one developed by Pap r i can .  
These models depend very heav i ly  on e m p i r i c a l l y  
der ived  i n p u t s  and a r e  n o t  very a d a p t i v e  f o r  
energy r e l a t e d  problems. Improved t echn iques  
a r e  c e r t a i n l y  needed. Typical  problems being 
f aced  i n c l u d e :  
- e s t i m a t i o n  of e q u i l i b r i u m  l e v e l s  of 
s o l u t e  bu i ldup  in  p a r t i a l l y  c lo sed  sys tems .  
Many m a t e r i a l s  normally p r e s e n t  only  i n  
t r a c e  amounts can e v e n t u a l l y  bu i ld  u p  i n  
c l o s e d  systems t o  l e v e l s  which c r e a t e  
s e v e r e  c o r r o s i o n  problems. 
- whole t r e e  ch ipp ing  p r e s e n t s  o p e r a t i n g  
problems i n  t h e  mi l l  and t h e  need f o r  
system changes t o  e l i m i n a t e  u n d e s i r a b l e  
contaminants  such as  b a r k  and g r i t .  The 
o p t i o n s  of h o w  and where t o  do t h i s  i n  
t h e  system a r e  many - i n  t h e  woods, 
woodyard, d i g e s t e r ,  b leach p l a n t ,  o r  paper  
m i l l .  S e l e c t i n g  between t h e s e  many o p t i o n s ,  
which invo lve  d i f f e r e n t  t echno log ie s  a n d  
t r a d e - o f f s  between energy a n d  cllemical use ,  
e t c . ,  makes a  system ana lys i s  approach 
e s s e n t i a l .  
- wood may be used interchangeably as  a  
f i b r e  raw material  or  as  a  source of 
f u e l .  The option between the a l t e r n a t i v e  
uses occurs a t  several  s t ages  throughout 
the process. Again, economic optimizat ion 
of the  manufacturing process requires  a  
systems ana lys i s  approach. 
C.  Process and Production Management Control. 
A l a rge  number of minicomputer based control  
systems a r e  now ava i l ab l e  a n d  in  use on almost 
every un i t  process w i t h i n  the  manufacturing 
process.  We a re  now facing the  chal lenge of 
i n t eg ra t i ng  these  subsystems in to  a  t o t a l  
process and production management control  
system - w i t h  hie ra rch ia l  l eve l s  of i n t eg ra t i on  
and supervision.  
Problems t h a t  have been encountered include - 
( 1 )  t r a i n i n g  of qua l i f i ed  personnel w i t h i n  
the  mi l l s  t o  run and maintain systems 
a f t e r  they a r e  i n s t a l l e d  by the  exper ts .  
( 2 )  ana lys i s  of benef i t s  before an inves t -  
ment decision i s  made. Decisions a r e  
f requent ly  made on f a i t h  and j u s t i f i e d  
( o r  no t )  r e t r o a c t i v e l y .  In the case of 
new f a c i l i t i e s  the  decision i s  of ten  
one o f  e x p e d i e n c y  t o  r e c o g n i z e  t h e  l a c k  
o f  e x p e r i e n c e d  l a b o r .  
To d a t e  many sys tems  have m e r e l y  a u t o m a t e d  e x i s t i n g  
o p e r a t o r  s t r a t e g i e s  w i t h  b e n e f i t s  1  i m i  t e d  t o  t h o s e  
o f  e l i m i n a t i n g  o p e r a t o r  e r r o r  o r  n e g l e c t .  We a r e  
o n l y  j u s t  b e g i n n i n g  t o  e x p l o i t  t h e  b e n e f i t s  o f  
u s i n g  t h e  a b i l i t y  o f  c o m p u t e r s  t o  u s e  o t h e r  mo re  
advanced  c o n t r o l  s t r a t e g i e s .  F o r  examp le ,  i n i  t i a l  
c o n t r o l  s ys tems  f o r  r e c o v e r y  b o i l e r s  a u t o m a t e d  
n o r m a l  o p e r a t o r  s t r a t e g i e s .  R e l i a b i l i t y  i m p r o v e d ,  
b u t  s t eam f l o w  s t a b i l i t y  d i d  n o t  i m p r o v e  because  o f  
-
u n c o n t r o l l e d  v a r i a t i o n s  i n  h e a t  v a l u e  o f  t h e  b l a c k  
l i q u o r ,  w h i c h  a r i s e  f r o m  v a r i a t i o n s  i n  t h e  r a w  
m a t e r i a l s  and t h e  p u l p i n g  p r o c e s s .  Second g e n e r a -  
t i o n  c o n t r o l s  w h i c h  use  r e s i d u a l  oxygen  l e v e l s  i n  
t h e  f l u e  gas as a  s u r r o g a t e  f o r  h e a t  r e l e a s e  a r e  now 
i n  use ,  and t h e s e  have  made s t a b l e  s t e a m  f l o w  
p o s s i b l e .  F u r t h e r  i m p r o v e m e n t  i n  c o n t r o l  s t r a t e -  
g i e s ,  based  on f u n d a m e n t a l  k n o w l e d g e  a b o u t  o u r  
sys tems  r a t h e r  t h a n  t h e  a u t o m a t i o n  o f  t h e  e m p i r i c a l  
methods  used  i n  t h e  p a s t ,  o f f e r  t h e  p o t e n t i a l  f o r  an 
i n c r e a s e d  l e v e l  o f  economi  c  b e n e f i t s .  
I n  c l c s i n g  I w i l ' l  o n l y  m e n t i o n  by t i t l e  a ~ o t h e r  o p p o r t u n i t y  f o r  
sys tems a n a l y s i s  - t h a t  o f  i d e n t i f y i n g  t h e  c r i t i c a l  p r o p e r t i e s  
r e q u i r e d  o f  o u r  p r o d u c t s  i n  t h e i r  u s e  i n  t h e  m a r k c t p l a c e  sys tem.  
F o r  example,  c o r r u g a t e d  cases  a r e  a  m a j o r  end  p r o d u c t  o f  o u r  
i n d u s t r y ,  b u t  t h e i r  f u n c t i o n  i n  t h e  economy i s  t o  p r o t e c t  goods 
I n  t h e  d i s t r i b u t i o n  sys tem.  I g n o r a n c e  o f  t h e  c r i t i c a l  p e r f o r m -  
ance r e q u i r e m e n t s  e n c o u n t e r e d  d u r i n g  a c t u a l  use  has o f t e n  l e d  
t o  o v e r d e s i g n  o f  o u r  p r o d u c t s  t o  a v o i d  c o s t l y  f a i l u r e  i n  use. 
T h i s  o v e r d e s i g n  o f t e n ,  however ,  r e p r e s e n t s  a  p o t e n t i a l  w a s t e  o f  
r a w  m a t e r i a l s .  Systems app roaches  t o  i m p r o v e  p r o d u c t  s p e c i f i -  
c a t i o n s  a r e  now b e i n g  made b y  a  number o f  i n v e s t i g a t o r s .  
L i k e w i s e ,  p r i n t i n g  p a p e r  and c o m m u n i c a t i o n  p a p e r s  a r e  used  as 
components i n  o t h e r  consumer sys tems,  and t h e  p e r f o r m a n c e  r e -  
q u i r e m e n t s  and, i n d e e d  t h e i r  c o n t i n u e d  use, w i l l  depend t o  a  
l a r g e  deg ree  on how t h e  needs p l a c e d  on t h e s e  sys tems  change 
i n  t h e  f u t u r e .  
I n  h i s  o p e n i n g  r e m a r k s  D r .  T o m l i n s o n  m e n t i o n e d  t h e  i n t e r e s t  o f  
I I A S A  i n  t h e  s y s t e m a t i c  s t u d y  o f  t h e  i n n o v a t i o n  p r o c e s s .  I 
have t a l k e d  o f  many m a j o r  changes t a k i n g  p l a c e  i n  o u r  i n d u s t r y .  
H i s t o r i c a l l y ,  t h e  i n d u s t r y  has become ma tu re ,  h e a v i l y  c a p i t a l  
i n t e n s i v e  w i t h  s l o w  t u r n o v e r  o f  c a p i t a l  s t o c k ,  and, t h e r e f o r e ,  
b - i ased  t o  s l o w  change. Managing changes o f  t h e  m a g n i t u d e  we 
have  been d i s c u s s i n g  c a l l s  f o r  i n n o v a t i v e  approaches ,  and  I am 
s u r e  we w i l l  be i n t e r e s t e d  i n  any a d v i c e  o r  m e t h o d o l o g y  t h a t  
I I A S A  c a n  o f f e r  f o r  s t i m u l a t i n g  i n n o v a t i v e  change w i t h i n  
i n d u s t r y .  
STATEMENT OF PROBLEMS OF CANADIAN FOREST PRODUCTS INDUSTRY 
The s t a t emen t  of D r .  K.M. Thompson, a c t i n g  on behalf  of P i e r r e  R. 
Gendron, on t h e  problems of t h e  Canadian f o r e s t  p roducts  i n d u s t r y  was based 
on t h e  June 1978 r e p o r t  of t h e  Fo res t  Products  I n d u s t r y  Consu l t a t i ve  Task Force ,  
cha i red  by I a n  A. Barclay. I t  was prepared a f t e r  d i s c u s s i o n  wi th  t h e  o t h e r  
Canadian p a r t i c i p a n t s  bu t  t h e  a u t h o r  t a k e s  f u l l  r e s p o n s i b i l i t y  f o r  t h e  c o n t e n t s .  
I n  h i s  remarks, D r .  Thompson pointed o u t  t h a t  o t h e r  s t u d i e s  such a s  
"Review of t h e  Canadian F o r e s t  Products  Industry",  ITC-Canada, November 1978,; 
and "The Outlook f o r  Timber U t i l i z a t i o n  i n  Canada t o  t h e  yea r  200OW, by 
K.L. Aird and J. Ot t ens ,  Canadian F o r e s t r y  Se rv i ce ,  J u l y  1979, should  a l s o  be  
consul ted  by those  wishing a  more d e t a i l e d  view of t he  indus t ry .  
1. General Problems 
The concerns of t h e  Canadian f o r e s t  p roducts  i n d u s t r y  is l a r g e l y  i n  
f o u r  a r eas :  t h e  c o s t  d i sadvantages  r e l a t i v e  t o  i t s  compet i tors  i n  t h e  United 
S t a t e s ,  t h e  investment  c l i m a t e  r e l a t i v e  t o  t h e  United S t a t e s ,  t h e  d i f f i c u l t i e s  
i n  gene ra t ing  adequate  c a p i t a l ,  and t h e  maintenance of t h e  f o r e s t  resource .  
These broad concerns a r e  expressed more s p e c i f i c a l l y  under n ine  headings. 
2.  S p e c i f i c  Problems 
a .  Investment,  Modernization and Taxat ion 
Among p o i n t s  t o  cons ider  under t h i s  heading i s  t h a t  t h e  i n d u s t r y  is 
a  c y c l i c a l  one w i t h  very  h igh  c a p i t a l  needs. Although t h e  i n d u s t r y  is  a t  p r e s e n t  
earn ing  l a r g e  p r o f i t s  t hese  a r e  t h e  r e s u l t  of t h r e e  f a c t o r s :  a  s t r o n g  demand 
f o r  i t s  goods, an excep t iona l ly  h igh  ope ra t ing  r a t e  due t o  l a c k  of investment  
i n  r e c e n t  y e a r s ,  and a  f avo rab le  exchange r a t e .  The f i r s t  and t h i r d  of t h e s e  
f a c t o r s  could change qu ick ly  due t o  even t s  o u t s i d e  t h e  i n d u s t r y ,  and the  second 
could change due t o  investments  r e s u l t i n g  from t h e  c u r r e n t  p r o f i t s .  Thus, a 
pe r iod  of p r o s p e r i t y  is i n  gene ra l  only one p a r t  of t h e  cyc l e .  
Other  p o i n t s  t h a t  should be  considered by anyone doing a  systems 
a n a l y s i s  of t h e  i n d u s t r y  a r e  i t s  r e g i o n a l  c h a r a c t e r ,  t h e  s t r u c t u r a l  changes 
needed due t o  t h e  i n t r o d u c t i o n  of new technology,  f o r  example i n  saw m i l l i n g ,  
and t h e  e f f e c t  of changing p o l i c i e s  of t a x a t i o n .  
b. Fores t  Resource and Management 
Although Canada is now c u t t i n g  only about  two-thirds  of i ts  a l l o w a b l e  
annual  c o s t  a s  p r e s e n t l y  de f ined ,  i t  appears  t h a t  t h e  e n t i r e  supply of wood w i l l  
be needed by 1990-2000. Wood c o s t s  a r e  a l r eady  of concern, and i t  is  recognized  
t h a t  t h e  remaining t h i r d  o f  t h e  wood supply can only be ob ta ined  a t  a  much 
h ighe r  c o s t .  
Canada i s  faced wi th  t h e  cha l lenge  of conve r t ing  from the  e x p l o i t a t i o n  
of i t s  f o r e s t s  t o  t h e  management of t h i s  resource .  Any system s t u d i e s  d e a l i n g  
with t h i s  s i t u a t i o n  would be  ve ry  h e l p f u l .  P o i n t s  t o  cons ider  i n  t h i s  a r e  t h a t  
much of t h e  f o r e s t  is crown land adminis te red  by t h e  provinces .  Methods of 
payment f o r  f o r e s t r y  a r e  worth a t t e n t i o n ,  a s  a r e  the  use of d i f f e r e n t  s p e c i e s  
and pressure  on t h e  f o r e s t  a s  a  source  of f u e l .  Analys is  of  t imber growth and 
supply i s  a  major t o p i c  f o r  systems a n a l y s i s  i n  t h e  Canadian view. 
c. Environmental Control and Pollution Abatement 
Pollution abatement with its accompanying high capital requirements 
is of considerable concern. The newsprint industry with its large number of 
small sulphite pulp mills is a special case in point. Systems analysis of 
environmental control, the basic reasons for it, its effect on capital flows 
and other resource industries such as fishing and tourism would be of interest. 
d. Energy 
Energy costs are very important to the industry. It should be noted 
that the form of energy required must be considered. For example, the production 
of newsprint requires a great deal of electrical power for the manufacture of 
mechanical pulp. Technical trends, such as the introduction of thermomechanical 
pulp, can increase the requirements of electrical energy. On the other hand 
much of the electricity used in the Canadian industry is generated from water 
power and as a result the extra cost in electricity is often more than offset 
by savings in wood cost. The degree of offset varies from region to region. 
Studies of mill operation to reduce energy needs are underway, as 
are studies of the trade-offs between fibre and fuel. Further systems analysis 
in these areas would be welcome. 
e. Transportation 
Transportation is of importance to the industry because it represents 
a significant percentage of the delivered cost of the product. In addition it 
is important to the country as a whole because t.ransportation of forest products 
is the largest single source of revenue for Canadian railways. A factor that 
may or may not be unique to Canada is that legislated freight rates on another 
commodity, in Canada's case grain, are in part subsidized by-the forest industry. 
f. Research 
It is generally recognized that, although research and development is 
essential in order to improve the competitiveness and productivity of the forest 
products sector, the research effort related directly to the forest industry 
is small as compared with the industry's major competitors. 
Systems analyses which would be of great interest include a study of 
the effectiveness of different financial incentives for research, and the 
choice of areas of research and development which will have the greatest impact. 
g. Market Development 
There is clearly a need for more reliable forecasts of the demand for 
forest products. In this connection, the relation of demand with gross national 
product appears to have changed in recent years. Studies of the world market 
for forest products and the linkages with the national economies have perhaps 
the highest priority for Canada. 
Under the same headii~g the effects of tariff policy and changes in 
the exchange rate are of great concern. Also, the development of new technology 
such as the recent developments in electronic communication could have a great 
impact . 
h. Competition Policy 
This is related to tariff policy which was referred to under the 
heading of market development. It is referred to here because studies of the 
effect of different competition legislation would be of great interest. 
i. LabourIManagement Relations, Unemployment Insurance, and Manpower 
The labour cost disadvantage of the Canadian forest products industry 
relative to the United States industry, dGe to lower productivity and higher 
wages is of concern. There is a regional dimension to this problem, both 
with regard to the problems of attracting labour to remote areas and the 
dependence of small towns on a single, forest industry establishment. 
With regard to systems analyses it is noteworthy that one recommendation 
of the task force was the appointment of a group of economic advisers with 
specific expertise in the iorest products industry to produce short-term and 
long-term economic forecasts and analyses of current economic matters relating 
to the industry. 
3. Conclusion 
In conclusion it was stated that the Canadian forest products industry 
needs an improved ability to: 
a. compete 
D. attract new investment, and 
c. share in serving the future growth in world requirements for forest 
products. 
It was felt that applied systems analysis could be of great help in 
providing this ability. 
This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
FORESTRY 8: FOREST INDUSTRIES, 
JAPAN 
Shinsuke T. Konari 
Japan has a book edited in 720 and titled Nihon-Shoki or  Chronicle of 
Japan which tells the story of ancient Japan from i t s  pre-historic times. 
We read in  this book a lovely story. It i s  about a god of predominant role 
in our mythology who, together with his s is ter  goddess, designed the 
life of people living on this land. It goes--- the god pulled out some of 
his moustache and chest hairs ,  strewed them about on the soil, and 
whereupon sprang up and grew cypress, cedar and maki(podocarpu1 
macrophyllus). The god then taught people to use cypress for building 
palace, cedar fo r  ship, and maki for  making coffin - -L This cypress 
i s  very  high t ree  of our particular species. 
Traditionally, Japan has been the land of wooden construction, and for 
this reason, many of i t s  old structures of great  historical values have 
been lost by f i res  never to be seen. But; we can imagine the splendour 
of our ear l ier  days' wooden structures from what have been left safe 
to this day. It i s  impressive to see that cypress lumbers have lived for  
the past 1,300 years  supporting heavy constructions. These cypress 
had lived well over 1,000 years on the soil before they were cut, and 
thus another 1, 300 years supporting and forming grand and high-rising 
buildings with almost the same strength a s  that of newly logged ones. 
Incidentally, our skilled carpenters used lumbers cleverly. 'When a 
t ree  trunk was split into quarter,  they applied the south quarter  of the 
trunk to form the sunny side, and when a trunk i s  of a t r ee  growing on 
the northern side of a mountain, to form a shady par t  of a building. 
This way, the lumbers could live in their harmonious biological place- 
ment. 
Such craftmanship and philosophy i s  gone today. We talk about changes 
of life joking on those undisciplined builders who ignore the top and the 
down of a piece of lumber. 
We must leave emotion and esthetic perhaps. Our economy today i s  
consuming a large quantity of wood a s  elsewhere in the advanced eco- 
nomies, and to live up to the requirements today and future, we a r e  
being forced to grapple with the knotty problems of how to beet grow, 
utilize and sustain wood resources, and a t  the same time, of how to 
most logically import what is short in our domestic wood supply. 
Vis-a-vis today's actualities, the position Japan is placed in would be 
regarded a s  a pivot of possible developments in the world wood/fibre 
demand- supply picture. 
** FOREST RESOURCE, JAPAN 
Coming to the subject of this gathering, I begin with an explanation 
on our general situation. 
Japan1 s woodland covers a little over 25 million hectares occupying 
68 70 of its whole land space, of which, roughly one third is national 
forest and the res t  privately owned. Also, the total timber stock, 
calculated a t  2. 1 billion m3 at  present, i s  divided into 56 70 softwood 
and 44 70 hardwood. Japan originally was a hardwood land o r  lauri- 
lignosa zone which extends arcuately from south China and north 
'Indochina. Suda- Jii o r ,  pasania is the ultimate phase of, plant life 
transition in Japan' s central open fields. 
In the past years, while overcutting, we launched extensive reforesta- 
tion activities which now i s  recorded at 9.4 million hectares with 800 
million m3 in stock representing 37 % of our whole timber stock. These 
reforestations a r e  almost 100 70 softwood, their major species being 
cedar, cypress and pine. 
Back in 19608, Japan1 s timber stock was down a t  1.9 billion m3. With 
restrained cutting thereafter and active reforestation continued, it 
has increased to 2. 1 billion a s  above quoted, and will continue to grow 
to somewhere between 2.5 and 3.0 billion in the future. At present, 
82 % of these reforestations a r e  young and under 25 years age class 
staying behind production front yet. This i s  one of the structural 
features of Japan's forest resource today. 
Wood felling in the past 25 years ranged 1 15 to 150 m3/hectare, and 
we felled 80 million m3 in a peak year in the overcutting 60s. Our 
current annual felling of 44 million represent 2 70 of the total stock of 


2. 1 billion m3. Against this, according to the governmental sources, 
the softwood reforestations a r e  to show the average 5 m3/hectare 
yearly growth with cedar sub stantially higher and pine/larch lower 
than the said average growth. Hence, the standard cutting cycle of 
40 years would yield 200 m3/hectare when matured. Or, i f  2.5 70 
up yearly growth i s  to be assumed, 2.8 billion m3 of productive 
timber stock would balance with yearly felling of 70 million m3. A recent 
FA0  publication indicates that Japan's wood production will be defi- 
nitely for the increase though with a diminishing share  for hardwood. 
** USAGE DISTRIBUTION AND PER CAPITA CONSUMPTION 
Shown in Figure- 1 i s  year to year transition of Japan's domestic log 
production a s  well a s  i t s  wood import including equivalent wood volumes 
of imported pulps and other forest products. 
As seen here, the import came to top the domestic supply in  1969. The 
current yearly import i s  ranging around 70 million m3, of which log 
alone amounts to 45 million representing one half of the world total 
log trade. Our major log suppliers overseas a r e ;  Southeast Asia 
with 22 million for  one half of Japan's total log import followed by 
US'S 12 million and USSR' s 9 million m3. 
No less  outstanding than this heavy log t rade i s  Japan's massive wood- 
chips import which i s  presumed to have been somewhere between 14 
and 15 million m3 in 1979. The actuals for  1978 were; 
US N-chip 7 million m3 Australian L-chip 2. 7 
USSR " 0. 7 SE Asian I I 0.8 
TTL incl. others 13.3 
Our wood distribution by industries i s  shown in Figure-2 where the 
following points will be noted: 
1). Unit yield f o r  lumber a t  sawmills stands a t  around 75 70 which 
compares favourably with North American 50 70. Different log size and 
cloee utilization practice naturally influence on the unit yield. 
2). Recovery rate of waste wood, close to 50 70, i s  apparently 
higher than the world average. 
3). On the surface, woodchips import dependency rate for  pulp 
making stands in 45 70 range. However, when domestic waste wood- 
chips supply i s  traced back to their origins, the real  import dependency 
is known to be close to 70 YO. Many of our sawmills a r e  operating 
on imported logs. 
4). The least dependent on overseas wood supply a r e  fibre/particle 
board industry. 
5). Veneer production is 95 70 dependent on wood import from SE 
Asia which, however, appears to be decisively for the decrease in 
the near future. Also, the cost competitiveness wouAd be questioned 
here. 
Else, fuelwood now takes only a slight portion. Fuelwood once amounted 
to 30 milfion m3, However, marked demand-shift had occurred with 
the progress of the oil age, and, fortunate for paper industry, this 
fuelwood resource offered itself a s  an additional fibre supply source 
for the expanding pulp production. 
Now with paper industry, Japan's paper industry has passed three 
turning points to this day. 
Firstly, penned in relatively small islands after the war, the industry 
exerted desperately in  50s to make use of the then unutilized hardwood 
resource--beach, birch, oak and the like, Japan in this field could 
be regarded a s  a world pioneer. 
Secondly, in 60s. the industry could recourse to the then idle fuelwood 
resource which helped expand domestic pulp production greatly. 
Thirdly, in 708, the industry exploited and expanded new wood supply 
channels with ocean-hauled chip import using exclusive vessels, which 
now shares some 45 '$0 of the total fibre furnish to the industry (excl. 
recycled papers furnish). 
Again, a s  seen in Figure-2, Japan's per capita wood consumption 
stays in the neighbourhood of 1 m3. It was in 0.75 m3 range in 60s 
'which would be comparable to the present day West European niveau. 
The consumption had shown gradual increase till it marked 1 m3 in 
1970. Thence on, it has been fructuating between 0.9 and 1.3 m3 
following the movement of the general business cycle, i. e. , the trend 
has been tending to level off in 1 m3 range. 
What in future then ? My feeling is that, even with continued economic 
growth permitted, i t  would rather be doubtful to expect the per capita 
consumption to r i se  over 1. 2 m3. Overall wood availability, long-term 
estimates of housing start, lumber consumption per house building, 
wood cost competitiveness vis-a-vis other building materials, paper 
consumption trend and other factors all  combined seems to me to 
indicate to this modest movement in the future. 
** PROBLEMATICS IMPLICIT 
As seen in the above, Japan is heavily involved in the world wood 
trade both to support itself and to give impetus to the wood-exporting 
economies. Today, in  the face of the increasing tension over the 
availability of the world wood resources and craving for further 
possibilities in the wood/fibre economies, Japan would have not a 
few things to tackle with by itself in the f i r s t  place. Shortly in the 
following, I will give ,some of i t s  problematics. 
* FUTURE WOOD IMPORT 
Notwithstanding the increasing domestic supply, Japan will have to 
look for the continued import on the modest increase toward future. 
However, from the indications overseas, Japan1 s present pattern of 
the import seems doomed to undergo some alteration. 
East  Siberia, the richest softwood resource remaining in the world, 
naturally i s  the first-hand factor both for  USSR and for Japan o r  for 
the whole Eas t  Asia, though the productivity there would have to be 
well managed. 
Softwood log import from Pacific US might have i t s  problems toward 
future ( a partial replacement of US log by North American lumber 
thinkable a s  a possibility ). 
New Zealand reportedly would have to wait for the second growth to 
expand i t s  softwood felling. Increased softwood supply to Japan from 
Oceania may be expected in the long run. 
SE Asian a s  well a s  Chilean softwood could hopefully meet the future 
need of Japan. 
By the way, in Japan's house building, US log has been used fo r  foun- 
dation and pillar, USSR log has been fo r  beam and rafter,  and SE 
Asian l o g  f o r  board(35 O/c ) and veneer. While, our domestic wood 
i s  generally of higher grade and somewhat expensive for all purposes. 
The traditional housing specifications a r e  yet widely observed in Japan, 
being better fit for  the climate and the life style. The traditional ones 
a r e  more wood-saving and thus less  expensive in overall building 
costs a t  present. 
The industrial hardwood species Japan i s  now importing from SE Asia 
a r e  becoming increasingly scarce items. Lauan (Shorea and Para- 
shorea), for example, is feared to be exausted in less than 10 years 
if the current rate of felling be continued. This i s  noticeable in 
Sava end '~arawak,  Also, the movement of SEALPA (SE Aeia Lumber 
Frcducer s As sn. ) should play an influence. 
SEAsian plantations a r e  presumed to be for fibre grade rather than 
for  quality sawmilling. Hitherto unused hardwood species, if exploited, 
would also include fibre grade. 
Oceania could remain Japan's stable hardwood trade partner. But, 
much could depend on Japan1 s actual need and i ts  approach to this 
area if the trade volume i s  to be sizably increased. 
In this connection, and particularly in SE Asia, there would be ever 
stronger local aspiration for certain processings of the material log 
and for Japanese funding and assistance for this purpose. Some one 
half of SE Asian wood felling, would be at any event for export regardless 
of their exporting forms. All .thes.e reasonabilities should be questioned 
in the light of global economy and economical efficiency. 
* PRICE FORMATION 
The price relation between soft- and hardwood as well a s  between 
domeotic and overseas supply willbe keys to form the future demand- 
supply order and the trade pattern. 
For  one thing, it  i s  often pointed out in Japan that, if the import should 
decrease, more of domestic thinning would be affered to the market, 
and that, should the price hike too rapidly, the consumption would 
naturally be kept down or replaced by other construction materials. 
Also on the other hand, it appears admittable to surmise that there 
may be a room for future wood price to move at  a bit higher scale than 
the movement of the general wholesale prices in order to reach at a 
stable relative price and demad- supply equilibrium. In Japan, wood 
growers1 costs a r e  not being fully conpensated at  present, 
Looldng back on the past domestic situation, the scarcity of woodworkers, 
the deeper interior operation with Japan's adversely mountaineous topo- 
graphy and lack of well-organized woodroad networks have been among 
the causes of the decreased yet expensive wood shipment. A greater 
part of our woodworkers have been working on by-work. 
However, sizeable investments a re  and will be made for woodroad 
preparation, .and recent social life seems to tell that woodworkers 
would be procured only ii their wages be assured on all-year employ- 
ment basis or otherwise. 
PAPER INDUSTRY 
Again particularly on our paper industry which is my field. Paper 
and paperboard production for  the business year 1979 (Apr. to next 
Mar. ) i s  currently estimated at 17. 9 million tons (7.7 70 increase 
over the previous business year)  against the estimated domestic 
demand of 17.7 million tons. The corresponding woodpulp production 
including dissolving grade i s  estimated a t  10.2 million tons. Some 
1.8 million tons of pulp was imported. F o r  the domestic woodpulp 
production, the average wood imput has been relatively stable at 3. 3 
m3 per one AD ton of pulp (5070 hardwood furnish). 
The Japan Pulp and Paper  Research Institute filed last  fall  a future 
demand forecast collected by employing Delphi method. According 
to the file, 25 million tons niveau paper consumption is expected to 
come around 1993- 94. Lf so, i t  will be t ransla ted to 2. 7 701~. a in- 
crease.  The mean of the responses for a probable time of 200 kg 
per capita paper consumption was for  1995, which again can be trans- 
lated to 2.8 70 a. growth with an available population transition 
estimate in consideration. 
The above can be compared to Japan1 s 9.1 701~. a. growth recorded 
in the past 20 years  and the world's 5.4 701~. a growth in  the past 
30 years. This mild growth will still be higher than the ear l ier  said 
~onserva t ive  wood consumption estimate. 
Though Japan is r ich in i t s  economic data, forecasts made by usual 
regression, whatever the employed historical materials,  tend to 
produce unac.ceptably big values for the future. Curvilenear ex- 
pression, like logistic curve, also does not appear to fit so well 
because of the recent vigourous performance of Japanese economy. 
The above growth estimate apparently has considered on wood, water, 
land and energy supplies and waste paper recovery limitation on the 
one hand, and on changing life mode and economic setup on the other. 
There a r e  not a few people who estimate even under 2 %Ip. a  growth 
toward 2000. 
Note: -Japan1 s population estimate i s  now under review with 
the late tendency for l e s se r  birth rate. 
If such be the case, the present industrial structure and the trade 
pattern might be sustained wholly or for a greater part into the future, 
subject to non-occurrence of any grave disturbance in the overseas 
wood supply and in the international price relation. 
Whatever the corning situation, however, there are  observed several 
points of concern now prevailing in the industry, and some of which 
with apparent reasons and some possibly a bit overstated. 
These are: 
1). possible difficulties of wood import, 
2) .  desire for local wood processing in the exporting countries, 
3). scarcity of additional mill- sites in Japan, 
4). shortage in additional water supply in japan, and 
5). possible deterioration in the competitiveness of domestic pulp 
production, 
Certainly, wood import situation may be a delicate one. There would 
be ever stronger aspiration for local pulp p r o d ~ t i o n  in the wood ex- 
porting countries. But = mode- pulpmill construction requires a 
huge amount of investment. Where comes the necessary fund and the 
software from ? As said elsewhere in this report, SE Asia, 'USSR 
and Oceania wil l  be among the areas of the challenging themes for 
the industry. 
Speaking of SE Asia, it i s  feared that any single Japanese company 
of any single industry would not construct and operate a big modern 
mill without difficulty, and this could apply for a pulpmill too. 
Hence, i t  would naturally be studied to build there modest-sized 
industrial complexes of , say, power, metal, cement and forest 
products. Thus, energy, technologies, supplies, port facilities, 
work force, education and the rest  could supplement each other 
c o n p o n ~ t  of the complex activities, and enhance the labour quality 
and the local living conditions as a whole. So, a multi-industry con- 
sortium might be a key to developing the area. 
In another.angle, it might also be worthwhile to study on the feasibility 
of semi-proces sed crude pulp production; or on the feasibility of sugar- 
cane o r  sugar-cane/wood complex for production and export of bagasse 
or- bagasse/woodpulp, fuel alcohol and others, finding means to all- 
year bagas se  feed and anti-fermentation, 
While with Japan itself, the major question will be what form of 
import would be the optimum for the industry to fill shortage in the 
fibre furnish in the future. 
Woodchips import made to this day has i ts  strong points in; 
1). utilization of Japan's rich tidewater location, 
2) .  utilization of the accumulated capital stock, 
3) .  savings in the total construction and operation costs,  
4). econmy and flexibility of the rationalized integrated operation, 
5). stabilized material flow (important) and so forth. 
Save wood cost, the manufacturing seems l e s s  expensive and more 
efficient in Japan, On top of these, the manufacturing i s  done just 
amidst the huge consuming market. 
Only, the ocean freightage for woodchip transportation tends to become 
more disadvantageously costly than that fo r  p'ulp" and paper. Anyhow, 
being heavily dependent on waterbourn transportation, big mills of 
the industry wil l  be more concentrated on litoral locations a s  they 
actually have been in the past. 
About availability of additional mill- sites, our survey shows that 
there a r e  more of the available land spaces than generally thought. 
A closer limitation ra ther  seems to be the availability of additional 
water supply which would allow only for 15 to 20 70 f resh water supply 
increase under the presently available techniques of water utilization. 
However, this allowance can be translated to more than 50 70 addi- 
tional water availability when recycled. 
Certainly things cannot be decided on only f rom seperate physical 
possibilities, and changing structure, if i t  should change, of the 
whole national eccnomy and of the paper industry could act on each 
other's future formation. In this connection, price relation o r  relative 
prices will be among the decisive factors. How could we set  off our 
handicaps with our diligence and our high-tension productive society ? 
I have not done any study worth introducing on this serious question. 
I only did a fragmental and simple check on the past performance of 
the woodchips . - price relation a s  follows. 
exponent a = 0.374 
a b c  
-----  
1 1  b = 0. 053 Cd = k Td Cm Sm 
I I c = -0.639 
where: Cd = domestic woodchip price index 
. k = constant 
Td = domestic wood quotation (construction grade) 
Cm= imported woodchip price index 
Sm= import ratio in the total woodchip supply 
- - -  calculation made on the past 12 years series.  
Domestic woodchip price has been formed under the greater in- 
fluence of domestic wood market quotation than that of woodchip im- 
port price, but it has had the greatest exponent on the woodchip 
import ratio. It should be noted in this regard that log and woodchip 
imports have both been on the increase during this period thus 
affecting on our wood market -- log, lumber, woodchip and others 
all inclusive. 
Also, with bleached sulphate pulp, wood cost has been on 40s % of 
the total manufacturing cost, which would be comparable to the 
Scandinavian counterpart but i s  definitely higher than the North 
American and Brazylian 20s %. Here, the difference between 20s 
and 40s 70 might be construed a s  applicable for the portion which 
counterbalance unstabe and thus possibly esqensive manufacturing 
and long-distance transportation costa to Japan of overseas pulp 
production. I wonder if such i s  not of some indication. Very simply 
to justify Japan's pulp production with imported woodchips; 
where: Md * domestic pulp manufacturing cost 
T2 = o=ean freightage for pulp 
TI = ocean freightage for woodchip 
Mo = overseas pulp manufacturing cost 
, 
0( = ddjtio 1 c 8tsand unstable elements which may 9e mvoEve8 m overseas pulp 
If I may further add, the cash coefficient ( total fund input versus 
total added values ) for  our paper industry has been around 3 subject 
to 'slight fructuation caused by Japan's bus'qess climate, - an  indication 
of fund requirement for pulp and paper mill operation in Japan. 
I hope I so far could give something of Japan's wood situation and i ts  
problematics today toward future. 
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THE U S E  OF SYSTEM AEUYSIS 
FOR THE DmLOPmm OF THE USSR FOREST SECTOR, 
D r ,  Alexandr Iakunin 
The USSR l e a d s  t h e  world in t h e  s i z e  of i ts  f o r e s t e d  area, 
i n  its t imber  r e s o u r c e s  and in t h e  volume of t imber  c u t ,  
The t imber  and woodworking i n d p s t r y  p lays  an important  r o l e  in 
t h e  coun t ry ' s  economy, The annual  volume o f  t imber  ha rves ted  amounts 
t o  about 4-00 m i l l i o n  cub ic  metres ,  t h e  output  of sawn t imber  amounts 
t o  I00 m i l l i o a  cub ic  metres  and t h e  annual chipboard and f i b r e ~ b o a r d  
product ion runs  t o  5 m i l l i o n  and 500 m i l l i o n  square me t res (  cor-  
respondingly) ,  It is common knowledge that  logging  i n d u s t r y  ( as 
an e x t r a c t i v e  one) i s  cons idered  t o  be the b a s i s  f o r  f o r e s t  and 
woodworking i n d u s t r y  development, Nowadays, t h e  s o v i e t  t imber  indu- 
s t r y  p o t e n t i a l  means more than  a thousand of modern wood producing 
e n t e r p r i s e s ,  well- equipped w i t h  up-todate machinery, 
A d i s t i n g u i s h i n g  f e a t u r e  of s c i e n t i f i c  and t echno log ica l  progrees  
in t h e  i n d u s t r y  is t h e  t r e n d  f o r  comprehensive mechanizat ion of 
a l l  t h e  processes  w i t h  t h e  aim of f u l l  exc lus ion  of manual opera t ions ,  
Every process  is  c a r r i e d  through by a s p e c i a l  s e t  of machines and 
equipment, A t  p r e s e n t ,  c u t t i n g  and logging  o p e r a t i o n s  as w e l l  as 
t r a n s p o r t a t  ion-  a r e  f u l l y  mechanized: it  means t h a t  an opera t  o r  
does not  come i n t o  c l o s e  c o n t a c t  wi th  a t r e e  o r  a l o g  by h imsel f ,  
A number of new machines and mechanisms f o r  t h e  mechanization 
of such o p e r a t i o n s  as logging ,  sk idding ,  t imber  t r a n s p o r t a t i o n  
have been r e c e n t l y  developed, 
In  p r a c t i c e  t h e  development and u t i l i z a t i o n  of new systems 
of machines appeqre t o  be r a t h e r  complicated problun from both poin ts  
of view: s c i e n t i f i c  and technology, a s  wel l  as soc ia l ly ,  
The system is  t o  meet t h e  fol lowing requirementt t o  encrease the  
volume of harvested timbmr without any damaging expausion of timber 
c u t t i n g  a r e a s  with t ak ing  account the problems of subsequent reforee- 
t a t i o n  and f o r e s t  protect ion,  
Beaides, t h e  cl imate condi t ion8 a re  qu i t e  d i f f e r e n t  throughout the  
country,lew systems of machines a re  charac ter ieed  by t h e i r  grea t  
complexity so  the  q e r a t i o n  and maintenance of them w i l l  requare high 
l e v e l  of profeeeoinal t r a i n i n g  of all those engaged in t he  process, 
Here comes the  necess i ty  t o  r a i s e  the  l e v e l  of workers' p rofess ional  
t r a in ing ,  a s  well as t o  develop new methods of production management, 
One more problem presen t s  i n t e r e s t  in t h i s  connection: s o c i a l  consequen- 
c e s  a f t e r  in t roduct ion  of new eyetune of machinee: spec i f  ic changes 
In labour ,  r epu ta t ion  of any f o r e s t  profeesion, worker's age e t c ,  
Deepite the  l a rge  a reas  covered with f o r e s t s ,  the sov ie t  goverment 
is  subsequently keeping the  l i n e  -to supply the  country with l a r g e  
amobrit of t imber on account of more r a t i o n a l  u t i l i z a t i o n  of a t r e e  
biomass without any damaging expansion of timber c u t t i n g  areas, 
This  t a sk  i s  being f u l f i l l e d  by complete use of woodwastoe a s  well  
a s  by inc reas ing  the output of f i n a l  products on the b a s i s  of low- 
q u a l i t y  wood and secondary r a w  mate r i a l s  such as sawdust, ch ip ,  
shavings e t c ,  
Despite the  l a t e s t  increased volume of f ibreboard ,  chipboard and 
technological  ch ip  production, s t i l l  the  l a r g e r  port ion of a t r e e  
biomass is not  f u l l y  used e*ar, 
It i s  conceived t h a t  profound syetems ana lys i s  of present  s i t u a t i o n  
and f u t u r e  development in biomass and low-grade wood u t i l i z a t i o n  
as well as information exchange on t h i s  ma t t e r  bet*een National  
Member 0rganizat  ions (HMO) might be of g rea t  usefulness ,  
Accordhg t o  economists '  e s t ima t ion ,  by 2000 year  wood consumption 
w i l l  acount t o  44,5 b i l l i o n  cubic  metres ,  9a t h i s  connect ion i t  
A 
m becomes necessary  t o  develop s t r u c t u r a l  models on consupt ion and pro- 
duct ion of r a w  wood m a t e r i a l s  which can be used f o r  long- term develop- 
ment of f o r e s t  s e c t o r ,  Besides,  due t o  i n c r e a s i n g  demand f o r  wood pro- 
duc t s  i n  f u t u r e  the  problem of r a t i o n a l  i n t e r g r a t i o n  of f o r e s t  explo- 
t a t i o n  and s i l v i c u l t u r e  i s  becoming more and more acu te ,  Here t h e r e  
some ques t ions  which requare  proper  systems a n a l y s i s  and economic back- 
ground: what optimal per iod  of f e l l i n g  cyclm shoud be determined in 
orde r  t o  minimize t h e  damage from e c o l o g i c a l  po in t  of view but at t h e  
same time t o  i nc rease  t h e  volume of t i h e r  harves ted ;  w % a t  t h e  op t i -  
mal o rgan iza t iona l  s t r u c t u r e  of wood i n d u s t r i a l  e n t e r p r i s e s  shoud be 
adopted; what methods of p l a n t a t i o n  management shoud be considered 
t h e  bes t  ones; and some o t h e r  ques t ions ,  
e An important  t a s k  in f o r c a s t i n g  the  development of f o r e s t  sec-tor  
is  t o  so lve  t h e  problem of optimal forms of i n t e g r a t i o n  of f o r e s t  
explo$ation and s i l v i c u l t u r e  on the  b a s i s  of systems a n a l y s i s ,  
And it would be advisab le  t o  inc lude  t h i s  i tem i n t o  IIASA r e sea rch  
plan* 
The woodworking i n d u s t r y  l i k e  o t h e r  branches of f o r e s t  s e c t o r  has  
made s u b s t a n t i a l  t e chno log ica l  p rogress  over t h e  last few years ,  
The s t eady  h igh  r a t e  of product ion volume is  due t o  t h e  mass-scale 
modernization and r e c o n s t r u c t i o n  of t h e  wood working p l a n t s ,  
Besides ,  forward- looking  t echno log ica l  p rocesses  a r e  being in t roduced  
a t  a  l a r g e  number of woodworking e n t e r p r i s e s  throughout t he  country ,  
In 70-s g r e a t  emphasis i s  being  made on chipboard and f i b r e b o a r d  produ- 
c t i o n  which r e s u l t s  in more e f f i c i e n t  u t i l i z a t i o n  of %re=  biomass 
(up t o  92-932) a s  e e a n s  of s o l v i n g  t h e  problem of more r ~ t i o n a l  
u t i l i z a t i o n  of r a w  wood m a t e r i a l s ,  
~t preeent ,  a l a r g e  number of f a c t o r i e s  s p e c i a l i ~  d in chip-  and 
f ibe rboa rd  product ion have been cone t ruc ted  and pt i n t o  ppera t ion ,  
The i r  p r r sduc t ion  c a p a c i t y  ranges  fram 110 thous,  cub, m, up t o  
250 thous,  cub,  m, The f o r e e t  i n d u s t r y  i n c r e a ~ e s  f u r n i t u r e  production 
a / t  a h igh  r a t 0 8  dur ing  t h e  per iod  of t h e  las t  e i g h t  y e a r s  volume 
of f e n i t w e  product ion has been increased  by 2,2 t imes, 
Tho in t roduc t ion  of s p e c i a l i z e d  high-capacity complete p l a n t s  and 
tho  use  of chemicals  r e s u l t  in a s t eady  growth of f u r n i t u r e  output ,  
F a s t  s c i e n t i f i c  and t echno log ica l  progrose p l u s  o rganiza tkona l  me- 
thods(concent ra t ion ,  procees  and ob jec t  s p e c i a l i z a t i o n ) w i l l  enable  
t o  encrease  average c a p a c i t y  of f u r n i t u r e  p l a n t s  by 31, 2 p e r  c e n t  
a c s  compared with  1975, 
Nowadays s t r o n g  e f f o r t s  a r e  being taken t o  i nc rease  t h e  volume in 
output  of p re fab r i ca t ed  wooden house bu i ld ing ,  Towards t h e  end of 
t h e  c u r r e n t  f b e - y e a r  per iod  the  e n t e r p r i s e s  a r e  t o  i nc rease  t h e  
e?l 
output  of p re fabrPca ted  wooa houses b y m y t i m e s  on the  b a s i s  of 
concen t r a t i on  and s p e c i a l i z a t i o n  of pm duct  ion  a s  wel l  as by us ing  
modern bu i ld ing  m a t e r i a l s  and new h i g h l y  e f W i e n t  machinery and 
e quipmen t , 
A s  a whobe woodworking i n d u s t r y  at  presen t  i nc ludes  thousands of 
e n t e r p f b e s  of d i f f e r e n t  c a p a c i t i e s :  t h e r e  a r e  same woodworking 
Ijllants of comparatevly mall product ion c a p a c i t y  (up t o  O,5-  1,8 
thous,  cub, m, of  raw wood proceesed p e r  day), A t  t h e  eame t ime 
t h e r e  is a g i g a n t i c  wood i n d u s t r i a l  complex such a e  Bra tek  i n d u e t r i a l  
complex, t h e  d a i l y  output  of  which accounts  t o  20 thoue, cub, m, 
Besides t h e  i n t r o d u c t i o n  of new techniques  t h e  main problem t o  be 
solved whithin t h e  woodworking i n d u s t r y  is  t o  determine t h e  opt imal  
forms of concentra t ion,  s p e c i a l i z a t i o n  as wel l  as of  i n t e g r a t i o n ,  
A s  far as these  forms a r e  concerned, it should be beared in mind 
t h e  most important  f a c t o r s  upon which t h e  s c a l e  and l o c a t i o n  of 
i n d u s t r i a l  e n t e r p r i s d s  depend. Among them a r e  t h e  fo l lowing :  
- n a t u r a l  and economicB1 c o n d i t i o n s  of  each  r e g i o n  ; 
- l a b o u r  and raw m a t e r i a l  r e s o u r c e s ;  
- t r a n s p o r t a t i o n  c o n d i t i o n s  e t c ,  
T h i s  t a s k  i s  v e r y  compl ica ted ,  t h a t  i s  why it r e q u i r e s  profound 
systems a n a l y s i s ,  
The s o v i e t  economy deve lopes  a c c o r d i n g  t o  t h e  p l a n n i n g  system t h u s  
t h e  developing of  p l a n n i n g  h o r i z o n  f o r  a l o n g  p e r i o d  of t ime i s  
o f  s p e c i a l  importancd f o r  o u r  country,On t h e  b a s i s  o f  a  dynamic 
l i n e a r  programming we have developed o p t i m b a t i o n a l  model by which 
we can  s o l v e  t h e  problem of  how t o  produce maximum amount of  final 
p r o d u c t s  ( such as sawn t i m b e r ,  p a n e l s ,  furni jnare  e t c , )  a t  t h e  l e a s t  
c o s t  and maximum economy c a p i t a l  inves tments .  
A l t e r n a t e v e l y  the s i t u a t i o n  i n  t h e  c o u n t r y  i s  t h i s  t h a t  t h e  manufact- 
uring of t h e  same f o r e s t  p roduc t  in d i f f e r e n t  r e g i o n s  o f . o u r  c o u n t r y  
may r e s u l t  in s a v i n g  p r o d u c t i o n  and t r a n s p o r t a t i o n  c o s t  , b u t  a t  t h e  
same t ime t h e  s i t u a t i o n  may r e q u i r e  a d d i t i o n a l  c a p i t a l  inves tments  
on c r e a t i n g  i f r a s t r u c t u r e ,  
The p r e s e n t e d  model g i v e s  t h e  p o s s i b i l i t y  t o  develop a l t e r n a s i v e s  
and choose t h e  o p t i m a l  s o l u t i o n ,  The conoept  of  t h e  model is  t o  
minimize t o t a l  annua l  c o s t  and. c a p i t a l  c o s t  f o r  p r o d u c t i o n  and 
t r a n s p o r t a t i o n  of r a w  wood and f ina l  p r o d u c t s ,  as w e l l  a s  t o  u t i l i z e  
t r e e  bioinass a t  a maximum l e v e l ,  Ae any o t h e r  model , t h e  p r e s e n t e d  
one has  I9  i n p u t s  and I 2  c o n s t r a i n t s ,  Here t h e r e  a r e  some of   the^ 
( t h e  b a s i c  ones)  a 
I, t h e  vclume of f o r e s t  h a r v e s t e d  shou ld  n o t  exceed t h e  upper limits 
of c u t t i n g  a r e s ;  
2, produc t ion  and d i s t r i b u t i o n  of  raw wood m a t e r i a l s ,  a s  w e l l  as 
produc t ion  and d i s t r i b u t i o n  of i n t e r m e d i a t e  and f inal  p r o d u c t s  should  
be ba lanced in t h e  p r o p e r  way and wi th  r e s p e c t  t o t  
I, wood assortment by species and s ize  ; 
2, sawn timber and plywood by types; 
3, furn i ture ,  prefabrikated wooden housee, matches e tc .  ; 
4, f ireboard and chipboard; 
5, woodwastes of harvesting and woodworking processes. 
Because of the necess i ty  t o  take i n t o  coneiderations the 
t o t a l  annual coat  and c a p i t a l  cos t  in di f fe ren t  perioda of time, 
we are t o  reduce mentioned f ac to r s  t o  the t o t a l  cos t  on the uni- 
f i e d  basis,  For t h i s  purpose in pract ice  we use the following 
formulas ( 2 ) :  
the  first one: reduction t o  the t o t a l  c ap i t a l  investments; 
the second one8 reduction t o  the npecific annual cost  on 
present basin , 
Our conclueion i a  the following: 
There have been presented a la rge  number of modela f o r  
f o r e s t  sec tor  development, A l l  of them are  of great  i n t e r e s t  and 
usefulness f o r  each country presented here, because each country 
by using other 's  country experience in model building w i l l  have 
the pos s ib i l i t y  t o  improve t h e i r  own modela, No doubt t h a t  vari- 
ant  calculat ions made f o r  a ce r t a in  region development on the 
bas is  of several  models could be of great  i n t e r e s t ,  We alao 
think t ha t  some countr ies  could uae these modela t o  forecas t  
thei* own f o r e s t  sec tor  development, We are  sure t ha t  the r e s u l t s  
comparison would be of great  usefulness f o r  a l l  the countriee,  
That is why we propose t h a t  I I A S A  w i l l  stimulate such a collabo- 
r a t  ion, 
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INTEGRATED UTILIZATION OF TROPICAL FORESTS 
Detlef Noack, Hamburg 
About half of the forests of the world are located in the 
tropics. But at present the immense potential of tropical forests 
is in striking contrast to the modest contribution they now make 
to human welfare. In many tropical countries large areas of 
forests are hitherto unexploited or exploited to a very limited 
extent by selective extraction of very few commercial woods, well- 
known and well-introduced in international timber markets. But 
these forests contain substantial volumes of little-used and 
lesser-known wood species which normally correspond to more than 
80% of their total volume. In order to assess the potential util- 
ization of tropical moist forests it is therefore necessary to 
bring into fuller use also these lesser-used unknown species. 
This goal evidently necessitates some modifications of the current 
practices of exploitation and industrial conversion. 
HETEROGENITY OF TROPICAL FORESTS AND ITS INFLUENCE ON THE 
POTENTIAL OF UTILIZATION 
Characteristically, tropical rain forests are a mixture of 
a large number of tree species with a wide spectrum of ages and 
diameters. The vast majority of the species occur very infrequently. 
Because of their heterogeneous botanical composition natural 
tropical forests produce timber with widely varying properties. 
This can be rather inconvenient for the mass production in wood 
industry. 
The timber volumes of tropical forests may range from 150 
to about 400 cubic meters per hectare, but much of the timber has 
not been shown to be useful for products other than fuel. At 
present, however, fellings are mostly highly selective by extract- 
ing logs for export and for the production of primary wood products 
as lumber, veneer and plywood. The harvest of this selective 
felling often is only a few per cent of the total timber volume. 
This selective felling of commercially preferred species has 
some striking disadvantages: 
..- the unused species are considered as weeds so that the 
remaining forest area,is highly degraded or devaluated; 
-- potentially useful species are destroyed; 
-- the unused species interfere with the harvesting of 
valuable species and increase the cost of their recovery; 
-- timber harvesting, even on a highly selective basis, 
often opens up'hitherto inaccessible areas for agricultural 
settlement which leads to further degradation or destruc- 
tion of tropical forests by clearance burning and shifting 
cultivation. 
As a result the total forest area in the tropics is decreasing 
at rather a fast rate which is estimated to be at least in the 
order of 12 million hectares per year. These conditions show 
clearly that it is necessary to change over from selective felling 
to a syst&atic larger scale logging. This change cannot only be 
considered from the viewpoint of wood technology but must also 
take into account the special ecological features of tropical 
forests. All -further considerations about the utilization of 
tropical forests are therefore made on the principle pre-requisite 
that the utilization will conform to long-term decisions about the 
land use as well as with silvicultural needs and forest management 
regulations. Land use policies are necessary to provide the frame- 
work for developing exploitation methods and techniques. 
W e  t h e r e f o r e  have i n  t h e  f i r s t  run t o  c o n c e n t r a t e  o u r  e f f o r t s  
on t h o s e  l a r g e  a r e a s  of n a t u r a l  t r o p i c a l  f o r e s t s  which w i l l  be con- 
v e r t e d  i n t o  new kinds  o f  land  use which g e n e r a l l y  a l low c l e a r  f e l l -  
i n g  such a s  f o r e s t  p l a n t a t i o n s  wi th  fast-growing s p e c i e s ,  l and  f o r  
a g r i - s i l v i c u l t u r e ,  a g r i c u l t u r a l  l and ,  water  r e s e r v o i r s ,  etc. These 
a r e  t h e  t r o p i c a l  f o r e s t  a r e a s  of  l a r g e  e x t e n t  which must be  u t i l i z e d  
more e f f i c i e n t l y  i n  f u t u r e .  
GENERAL TRENDS I N  CONSUMPTION AND DEMAND OF WOOD AND WOOD PRODUCTS 
The u t i l i z a t i o n  of  t r o p i c a l  f o r e s t s  must be  f u r t h e r  cons idered  
i n  c l o s e  connect ion w i t h  l o c a l  and world demand f o r  wood and wood 
products .  A s  w e  know from s t a t i s t i c s  and p rospec t s  of FA0 w e  have 
t o  expec t  a s t eady  i n c r e a s e  i n  demand f o r  t imber  and f o r e s t  pro- 
d u c t s ,  and a l s o  t h e  consumption of  paper  and paper  products  w i l l  
cont inue  t o  grow r a t h e r  f a s t .  
A very impor tan t  f e a t u r e  of  wood demand is  t h a t  t r o p i c a l  coun- 
tr ies use  l a r g e  quant i t i t es - -more  than  80% of t h e  t o t a l  cut--as 
f u e l ,  and i n  many p a r t s  of t h e  developing world t h e r e  is  expected 
t o  be  an i n c r e a s i n g  demand f o r  fuelwood a s  a source  of energy f o r  
cooking and hea t ing .  
These g e n e r a l  developments i n  consumption and demand of  wood 
and wood products  a r e  of g r e a t  importance t o  t h e  wood producing 
c o u n t r i e s  and w i l l  i n f l u e n c e  t h e i r  i n d u s t r i a l  development. On t h e  
whole, it can be expec ted  t h a t  t h e  t r e n d  of  a growing volume of 
processed wood e n t e r i n g  i n t e r n a t i o n a l  t r a d e  w i l l  expand f u r t h e r .  
PRESENT SITUATION OF THE PRODUCTION O F  WOOD AND FOREST PXODUCTS 
I N  COUNTRIES WITH TROPICAL FORESTS 
I t  i s  t r u e  t h a t  wood producing developing c o u n t r i e s  have been 
able, du r ing  t h e  l a s t  decade, to  expand l o c a l  i n d u s t r i a l  p rocess ing  
t o  some e x t e n t .  But, n e v e r t h e l e s s ,  t h e  va lue  of e x p o r t s  of  wood 
and wood products  from t r o p i c a l  c o u n t r i e s  i s  only  i n  t h e  o r d e r  of 
15% of  t h e  wor ld ' s  t o t a l  t r a d e  of  t h e s e  p roduc t s ,  and much more 
s t r i k i n g  i s  t h e  f a c t  t h a t  t h e  p ropor t ion  of wood expor ted  a s  round- 
wood i n  i t s  raw unprocessed s t a t e  from t h e s e  c o u n t r i e s  i s  s t i l l  
r a t h e r  h igh  (about 70% of t h e  volume e q u i v a l e n t ) ,  w i th  t h e  r e s u l t  
t h a t  many t r o p i c a l  c o u n t r i e s  have t o  import  t o o  many manufactured 
wood products .  
A l l  i n  a l l ,  r a t h e r  few f o r e s t  i n d u s t r i e s  have been e s t a b l i s h e d  
up till now. The p r i n c i p l e  convers ion i n  t r o p i c a l  c o u n t r i e s  i s  
s t i l l  sawmil l ing,  and t h e  c u r r e n t  t r e n d  i s  t o  conver t  a l a r g e r  
p o r t i o n  of t h e  l o g s  i n t o  sawnwood and e x p o r t  t h e  t imber  i n  sawnwood 
r a t h e r  than  i n  l o g  form. Furthermore,  t h e r e  i s  some p rocess ing  of 
plywood and veneers  and very  l i t t l e  of  o t h e r  pane l  products  such 
a s  f i b r e  board and p a r t i c l e  board. The product ion  o f  pu lp  and 
paper has only  a l i m i t e d  amount s o  f a r ,  b u t  it i s  of  high l o c a l  
importance. 
A s  a consequence o f  t h i s  s i t u a t i o n  a growing number of t r o p i c a l  
c o u n t r i e s  a r e  l i m i t i n g  e x p o r t s  of  l o g s  and have s t a r t e d  investment 
programs i n . o r d e r  t o  b u i l d  up t h e i r  own f o r e s t  i n d u s t r i e s  aimed a t  
meeting expanding domestic requirements  and a t  s u b s t i t u t i n g  l o g  
expor t  more and more by e x p o r t s  of  processed wood. 
DEVELOPMENTS TO A MORE: EFFI'CIENT, INTEGRATED UTILIZATION OF 
TROPICAL FORESTS 
A complete,  i n t e g r a t e d  u t i l i z a t i o n  of  c u r r e n t l y  under-exploi ted 
f o r e s t s  means t h a t  a t  l e a s t  t h e o r e t i c a l l y  a l l  t h e  trees i n  t h e  
f o r e s t  a r e  used f o r  producing f o r e s t  p roducts  r e q u i r e d  a t  l o c a l  
and f o r e i g n  markets.  The u l t i m a t e  s o l u t i o n  t o  t h e  problem of 
u t i l i z i n g  a l l  t h e  s p e c i e s  a s  w e l l  a s . m i l l  and f o r e s t  r e s i d u e s  may 
w e l l  be t h e  i n t e g r a t i o n  o f  d i f f e r e n t  mechanical and chemical pro- 
c e s s i n g  methods. Such an i n t e g r a t e d  u t i l i z a t i o n  w i l l  be  t h e  i d e a l  
goa l  which a t  l e a s t  can be r e a l i z e d  under e s p e c i a l l y  f avorab le  
cond i t ions .  Well-known examples o f  such an i n t e g r a t e d  o p e r a t i o n  
t o  commercially u t i l i z e  t h e  complete t r o p i c a l  f o r e s t  r e source  a r e ,  
f o r  i n s t a n c e ,  two companies l o c a t e d  i n  t h e  P h i l i p p i n e s .  Both 
companies expor t  l o g s  and manufacture t h e  primary wood products  o f  
lumber, veneer  and plywood. To u t i l i z e  t h e i r  manufacturing resi- 
dues and s m a l l e r  d iameter  trees, one company.manufactures hardboards 
and t h e  o t h e r  pu lp  and paper  (newspr in t ,  l i n e r b o a r d ,  co r ruga ted  
p a p e r ) .  Both companies g e n e r a t e  a l a r g e  s h a r e  o f  t h e i r  energy 
requirements  by burning bark and r e s i d u e s  from manufacturing.  
UTILIZATION OF LESSER-USED SPECIES BY MATCHING END-USE 
REQUIREMENTS WITH WOOD PROPERTIES 
~ u t  f o r  many t r o p i c a l  f o r e s t s  t h i s  complete u t i l i z a t i o n  w i l l .  
s t i l l  be an u n a t t a i n a b l e  goa l  because o f  d i f f e r e n t  f a c t o r s  which 
i n f l u e n c e  t h e  s t r u c t u r e  o f  f o r e s t  p roduc t s  i n d u s t r i e s  w i t h i n  a  
count ry  o r  r eg ion .  The re fo re ,  it w i l l  o f t e n  be a  f i r s t ,  b u t  impor- 
t a n t  s t e p  i n  t h e  d i r e c t i o n  o f  a  more e f f i c i e n t ,  i n t e g r a t e d  u t i l i z a -  
t i o n  t o  u t i l i z e  a  f a r  g r e a t e r  p ropor t ion  o f  t h e  f o r e s t  which means 
a  much g r e a t e r  number of  s p e c i e s  of  t imber .  
Cur ren t  market ing o f  t imber  i s  t y p i c a l l y  s p e c i e s  o r i e n t e d  and 
t h e  u l t i m a t e  u se  o f  t h e  wood and t h e  form i n  which it i s  used is  
o f t e n  unknown t o  t h e  primary p roces so r .  
One impor t an t  s t e p  t o  reach  a  more i n t e n s i v e  e x p l o i t a t i o n  o f  
t r o p i c a l  f o r e s t s  by u t i l i z i n g  a  g r e a t e r  p o r t i o n  of t h e  up-to-now 
l e s se r -used  s p e c i e s  w i l l  be a  fundamental change i n  u t i l i z a t i o n  
p o l i c y .  I n s t e a d  o f  s p e c i e s  o r i e n t e d  e x t r a c t i o n  o f  i n d i v i d u a l  trees 
t h e  t imber  s e l e c t i o n  i n  t h e  f o r e s t  and t h e  p r o c e s s i n g  of  wood 
should  be  end-use o r i e n t a t e d  by grouping a  number of  l e s se r -used  
and well-known s p e c i e s  having s i m i l a r  p r o p e r t i e s  w i t h  r e s p e c t  t o  
t h e i r  s p e c i f i c  end-uses. 
An end-use p r o p e r t y  c l a s s i f i c a t i o n  d e f i n e s  f o r  each type  of  
t imber  p roduc ts  t h e  p r o p e r t i e s  o f  s i g n i f i c a n c e  and t h e i r  l e v e l s  
such t h a t  t imbers  meet ing t h e s e  p rope r ty  requi rements  can be ex- 
pec t ed  t o  g i v e  a  s a t i s f a c t o r y  performance bo th  i n  manufacture and 
u s e .  
With r e g a r d  t o  t r o p i c a l  woods, e s p e c i a l l y  t o  l e s se r -used  wood 
s p e c i e s ,  t h e  knowledge of  t h e  r e l a t i o n  between wood p r o p e r t i e s  and 
end-use requi rements  i s  t h e r e f o r e  of  c o n s i d e r a b l e  importance t o  t h e i r  
u t i l i z a t i o n .  I t  is an  impor t an t  t a s k  o f  r e s e a r c h  and development 
i n  t h e  f i e l d  o f  t r o p i c a l  woods t o  de te rmine  t h o s e  u s e - r e l a t e d  wood 
p r o p e r t i e s .  Th i s  t a s k  needs c l o s e  coope ra t ion  of a l l  f o r e s t  pro- 
d u c t s  l a b o r a t o r i e s  i n  t h e  world working i n  t h e  f l e l d  o f  t r o p i c a l  
wood r e s e a r c h .  To e n a b l e  t h i s  coope ra t ion ,  t h e  I n t e r n a t i o n a l  Union 
o f  F o r e s t  Research Organ iza t ions  (IUFRO) has  e s t a b l i s h e d  a  s p e c i a l  
P r o j e c t  Group (P5.01) on " P r o p e r t i e s  and U t i l i z a t i o n  of  T r o p i c a l  
Woods " . 
WHOLE TREE UTILIZATI'ON OR B'ETI'ER USE O F  THE AVAILABLE RAW 
MATE RIALS 
The c u r r e n t  u se  of  t r o p i c a l  woods i s  r a t h e r  was te fu l ;  f i r s t l y ,  
i n  h a r v e s t i n g  wood f o r  lumber, apprec iab le  q u a n t i t i e s  of u s e f u l  
wood a r e  l e f t  behind i n  t h e  f o r e s t .  Fu r the r  cons ide rab le  l o s s e s  
occur  i n  logging and i n  t r a n s p o r t a t i o n .  F i n a l l y ,  t h e r e  a r e  re- 
markable q u a n t i t i e s  o f  r e s i d u e s  from process ing  because product ion  
methods a r e  mostly r a t h e r  rough and simple.  
More i n t e n s i v e  u t i l i z a t i o n  by b e t t e r  use  o f  t h e  a v a i l a b l e  
raw m a t e r i a l  may o f t e n  b e  t h e  o n l y  s o l u t i o n  t o  ensu re  economic 
product ion.  
I f  t h e  only  convers ion f a c i l i t y  a v a i l a b l e  t o  a t r o p i c a l  f o r e s t  
i s  a sawmill--as it is  o f t e n  t h e  case--then t h e  u t i l i z a t i o n  poten- 
t i a l  of t h e  f o r e s t  w i l l  b e  r a t h e r  l i m i t e d .  Therefore ,  a f u r t h e r  
g e n e r a l  s t e p  f o r  improving t h e  u t i l i z a t i o n '  o f  t r o p i c a l  f o r e s t s  i s  
a b e t t e r  u t i l i z a t i o n  o f  t h e  trees, which a r e  c u t  i n  t h e  f o r e s t s ,  
by : 
-- improving wood f e l l i n g ,  
-- reducing t h e  r e s i d u e s  of  h a r v e s t i n g  and p rocess ing ,  
-- i n t r o d u c i n g  d i f f e r e n t  methods of  h o r i z o n t a l  and v e r t i c a l  
i n t e g r a t e d  p rocess ing  i n  wood i n d u s t r y  e s p e c i a l l y  i n  
o r d e r  t o  u t i l i z e  more f u l l y  low va lue  t imber  a s  w e l l  a s  
f o r e s t  and m i l l  r e s i d u e s .  
-- improving t h e  c l a s s i f y i n g  o f  l o g s  i n t o  raw m a t e r i a l  f o r  
d i f f e r e n t  conver t ing  p rocesses  o f  t h e  wood i n d u s t r y  accord- 
i n g  t o  t h e i r  wood q u a l i t y  and l o g  form, 
-- us ing  wood and r e s i d u e s  o f  o t h e r  p rocesses  a s  a source  of 
energy,  e s p e c i a l l y  a s  f u e l  f o r  domestic purposes and f o r  
process ing .  
I n  most t r o p i c a l  c o u n t r i e s  t imber  i n d u s t r i e s  a r e  s t i l l - a t  
p re l imina ry  s t a g e s .  But i n  f u t u r e ,  an i n c r e a s i n g  p a r t  of wood 
s p e c i e s  of  t r o p i c a l  c o u n t r i e s  w i l l  be  processed  on t h e  s p o t .  Com- 
b i n a t i o n s  of  va r ious  product ion  methods of t h e  wood i n d u s t r y  must 
be  e s t a b l i s h e d  i n  o r d e r  t o  make a complete u t i l i z a t i o n  o f  t r o p i c a l  
f o r e s t s  p o s s i b l e .  
The wood i n d u s t r y  i s  no t  prepared t o  used s p e c i e s  wi th  un- 
known process ing  performances. Therefore ,  s t u d i e s  a r e  necessary 
on t h e  r e l a t i o n  between wood p r o p e r t i e s  and t h e  requirements  wood 
has t o  meet by se rv ing  a s  raw m a t e r i a l  f o r  d i f f e r e n t  t echno log ies  
and product ion methods. 
An i n t e g r a t e d  approach t o  t h e  u t i l i z a t i o n  o f  t r o p i c a l  woods 
demands t h e  e s t ab l i shmen t  of  wood i n d u s t r y  complexes e s p e c i a l l y  
designed t o  u t i l i z e  t h e  a v a i l a b l e  r e source  a s  e f f i c i e n t  a s  p o s s i b l e .  
Those wood i n d u s t r y  combinates t h e r e f o r e  c o n s i s t  of  d i f f e r e n t  con- 
ve r s ion  processes  which a r e  adapted t o  t h e  l o c a i  c o n d i t i o n s  and 
which a r e  i n t e g r a t e d  h o r i z o n t a l l y  and v e r t i c a l l y .  Wood waste 
from conversion u n i t s ,  such a s  sawmil ls ,  veneer and plywood m i l l s ,  
may o f t e n  be  a  very impor tan t  raw m a t e r i a l  source both f o r  wood- 
based panels  ( p a r t i c l e  boards  and f i b r e  boards)  and f o r  wood pulp.  
But it must a l s o  be recognised t h a t  t h e  m i l l  waste  o f t e n  provides  
t h e  f u e l  f o r  power s u p p l i e s  and h e a t i n g  i n  wood process ing  p l a n t s .  
The concept  of  an  i n t e g r a t e d  u t i l i z a t i o n  of t r o p i c a l  f o r e s t s  
r e q u i r e s  a  v a r i e t y  of p rocess ing  techniques  which complete each 
o t h e r .  The s t a r t i n g  u n i t  t o  u t i l i z e  t r o p i c a l  f o r e s t s  normally i s  
a  sawmill ,  because lumber manufacture t ends  t o  be h igh  i n  l a b o r  
i n t e n s i t y ,  low i n  c a p i t a l  and process  energy requi rements ,  and 
produce a  timber product  which i s  of  high u t i l i t y  va lue  f o r  housing 
and o t h e r  purposes.  'Typ ica l ly ,  an i n t e g r a t e d  convers ion complex 
w i l l  i n  t h e  f i r s t  s t a g e  c o n s i s t  of  product ion  u n i t s  f o r  sawnwood, 
veneer and plywood. But a  b e t t e r  u t i l i z a t i o n  o f  t h e  raw m a t e r i a l  
can be  reached,  i f  p rocesses  a r e  inc luded  t h a t  produce p a r t i c l e  
board,  f i b r e  board o r  pu lp  and paper products  and, l a s t  b u t  no t  
l e a s t ,  f u e l .  But i n  a d d i t i o n ,  a l s o  t h e  product ion o f  o t h e r  pro- 
d u c t s  of primary wood i n d u s t r i e s ,  f o r  i n s t a n c e  s l e e p e r s ,  block- 
boards ,  cement-bonded wood-wool boards ,  may b e  of  s i g n i f i c a n c e .  
ADAPTATION OF PROCESSING TECHNIQUES 
I n  o r d e r  t o  r e a l i z e  a  more e f f i c i e n t  i n t e g r a t e d  u t i l i z a t i o n  
of  t r o p i c a l  woods it i s  a  fundamental p r e r e q u i s i t e  t o  adapt  t h e  
d i f f e r e n t  p rocess ing  techniques  and c a p c i t i e s  t o  t h e  p a r t i c u l a r  
cond i t ions  of each i n d i v i d u a l  case .  Most m i l l s  i n  t r o p i c a l  coun- 
t r ies  may r e q u i r e  e s p e c i a l l y  designed equipment o r  a t  l e a s t  ex- 
t e n s i v e  modification of e x i s t i n g  equipment. I n  t h i s  r e s p e c t ,  
development of low c o s t  machinery with smaller c a p a c i t y  and 
less s o p h i s t i c a t e d  c o n s t m t i o n ,  which' g i v e s  products  of good 
q u a l i t y  bu t  which may r e q u i r e  s u b s t a n t i a l  l a b o r  f o r c e ,  i s  g r e a t l y  
needed. This  approach is  a l s o  i n  accordance wi th  t h e  la test  con- 
cep t  of FA0 t o  promote t h e  i n s t a l l a t i o n  of small-scale  wood-based 
panel  p l a n t s  and of small-scale pulp and paper  m i l l s .  
I t  is  ev iden t ,  however, t h a t  an i n t e g r a t e d  u t i l i z a t i o n  of 
t r o p i c a l  f o r e s t s  by a combination of a v a r i e t y  of d i f f e r e n t  pro- 
cess ing  techniques can only  be success fu l ,  i f  it can r e l y  on 
s k i l l e d  managerial and o p e r a t i o n a l  personnel .  
F'UEL AS A COMPONENT O F  INTEGRATED UTILIZ'ATI'ON 
It  i s  important  t o  p o i n t  o u t  t h a t  by f a r  t h e  most widespread 
s i n g l e  use f o r  wood i n  most developing c o u n t r i e s  is  f o r  f u e l ,  and 
a f u r t h e r  i n c r e a s i n g  demand f o r  fuelwood i s  t o  be expected. On 
t h e  o t h e r  hand, f u e l  provides an e f f i c i e n t  use of  wood which 
would otherwise be wasted, of  trees l e f t  i n  t h e  f o r e s t  and l a t e r  
destroyed i n  t h e  cause of land  c lea rance  a s  w e l l  a s  of waste pro- 
duced i n  t h e  course of  processing.  
This  s i t u a t i o n  c a l l s  f o r  .a sys temat ic  s t r a t e g y  of  c o l l e c t i n g  
and process ing  s u i t a b l e  raw m a t e r i a l  f o r  a well-ordered f u e l  pro- 
duct ion.  It  is  obvious t h a t  t h i s  product ion of f u e l  should be 
an important  component t o  a more e f f i c i e n t ,  i n t e g r a t e d  u t i l i z a t i o n  
of  t r o p i c a l  f o r e s t .  
IDEAL MOD= OF COXPLETE, INTEGRATED UTILIZATION 'OF TROPICAL FORESTS 
I f  t h e  preceding cons ide ra t ions  a r e  followed consequently,  they  
w i l l  r e s u l t  i n  an i n t e g r a t e d  u t i l i z a t i o n  of t h e  complete resources  
of t r o p i c a l  f o r e s t s  i n  those  cases  where a t o t a l  c learance  of t h e  
n a t u r a l  f o r e s t  a r e a  i s  i n  accordance with t h e  genera l  po l i cy  of 
f o r e s t  u t i l i z a t i o n  then  depends g r e a t l y  on fundamental decisions-- 
made d i r e c t l y  a f t e r  fe l l ing--about  what tree and which p a r t  of a 
tree r e s p e c t i v e l y  s h a l l  be determined t o  which conversion process .  
The most va luable  l o g s  of  decora t ive  wood s p e c i e s  w i l l  be 
used f o r  veneer product ion whereas l o g s  of good q u a l i t y  and shape 
wi th  l a r g e r  diameters  should p r e f e r a b l y  be u t i l i z e d  i n  plywood 
product ion,  e s p e c i a l l y  when t h e  wood has  a low t o  medium d e n s i t y  
o r  when i t s  convers ion t o  sawnwood meets wi th  d i f f i c u l t i e s  i n  saw- 
i n g  o r  drying.  Other  l o g s  of good q u a l i t y  w i l l  then  be a l l o c a t e d  
t o  lumber product ion ,  i f  t h e  wood p r o p e r t i e s  a r e  i n  l i n e  wi th  t h e  
requirements  of  end-uses. A l a r g e  p o r t i o n  of h i t h e r t o  unused 
t r o p i c a l  hardwoods . a s  w e l l  a s  of  f o r e s t  and m i l l  r e s i d u e s  can be  
u t i l i z e d  a s  raw m a t e r i a l  f o r  r e c o n s t i t u t e d  boards  o r  pu lp  products .  
And t h e  remaining wood re sources  which cannok be  used f o r  producing 
f o r e s t  p roducts  should b e  converted i n t o  fuelwood, cha rcoa l  o r  
used a s  f u e l  f o r  power-generation and h e a t i n g  i n  wood p rocess ing ,  
r e s p e c t i v e l y .  E s p e c i a l l y  cha rcoa l  w i l l  be a va luab le  o u t l e t  of 
bo th  very dense and s i l i c i o u s  t imber .  
I n  f u t u r e ,  t h e  raw m a t e r i a l  supply o f  t h e  e s t a b l i s h e d  wood 
i n d u s t r y  w i l l  i n c r e a s i n g l y  be  m e t  by p l a n t a t i o n s .  Therefore ,  
r e f o r e s t a t i o n  should n o t  on ly  be c a r r i e d  o u t  w i th  fast-growing 
s p e c i e s  having r e l a t i v e l y  s h o r t  r o t a t i o n  p e r i o d s ,  b u t  from t h e  
viewpoint  o f  wood technology l a r g e r  p a r t s  o f  t h e  man-made f o r e s t s  
should a l s o  c o n t a i n  slow-growing s p e c i e s  w i t h  va luab le  wood pro- 
p e r t i e s .  
But i n  t h e  beginning w e  have t o  s o l v e  many s t i l l  e x i s t i n g  
problems connected wi th  a complete, i n t e g r a t e d  u t i l i z a t i o n  of t h e  
n a t u r a l  t r o p i c a l  f o r e s t s .  This  r e q u i r e s  s t r o n g  e f f o r t s  i n  r e sea rch  
and development i n  o r d e r  t o  meet t h e  cha l l enge  of  t h e  n e x t  decade 
which s u r e l y  w i l l  b e  t o  u t i l i z e  t h e  va luab le  n a t u r a l  r e sources  a s  
e f f i c i e n t  a s  p o s s i b l e .  
0.  Eckmullner, Vienna: Forestry and Forest Industry in Austria. 
AUSTRIA is often said to be a "Kammer-Staat", i.e. a State, where the in£ luence 
of the "Chambers" is a very important one. In fact, the Chambers of Agriculnu~e 
& Forestry, the Chambers of Trade & Commerce, the Chambers of Workers & Employees 
and last, but by no means least, the Labour Unions play an important role. These 
four institutions cooperate in the so-called "Paritatische Kommission", in which 
they are equally represented; their task is an advisory one to the Government. 
This works very well and the result is social peace; strikes are almost unknown 
in Austria. 
Forestry is represented by the Chambers of Agriculture & Forestry, Forest Industry 
by the Chambers of Trade & Commerce. These two big Chambers have, as their own ad- 
visory institution, the "Federal Timber Council" (Bundes-Holzwirtschaftsrat), in 
which forestry and industry are equally represented. This Federal Timber Council 
is the institution, where all the problems of common interest to forestry and fo- 
rest industry are being discussed and where normally a consensus is reached. The 
Council informs then the two Chambers and asks them to take the necessary steps 
with the Government. Of course, all this concerns economic problems only. ?rob- 
lems of a wide range - concerning environmental questions or so - are being 
dealt with in Parliament. 
AUSTRIA has 7,5 million inhabitants, 250.000 of them being forest owners, of which 
600 only big ones with more than 500ha. 80% of the Austrian forests are privately 
owned. One could expect that the political weight and influence of 250.000 forest 
owners and their families might be a considerable one, but in fact more than 90% 
of them are farmers and these farmers are first of all agriculturists and have al- 
ways had extremely difficult problems with the ever increasing overproduction of 
of practically all - milk, butter, cheese, cereals, cattle, pigs, hens and eggs, 
fruit and wine etc. In relation to agriculture forestry has almost no problems and 
there are only few people fighting for forestry! Politically forestry is more or 
less absent in Austria. 
AUSTRIA is very mountainous, two thirds of her forests are situated in the Alps. 
The forest area is 3,7 mio ha, that is 44% of the total area and 0,5 ha per capi- 
ta. Almost 800.000 ha = 20% are protection forests near the timber line or on very 
steep slopes. The area of "commercial forests" is, therefore, only 2,8 mio ha. 
The main species are spruce, pine, larch and fir, together 852, and beech (mainly 
in the famous "Vienna Woods") and oak, ash, elm and maple, together 15%. The gro- 
wing stock is in total 770 mio cbrn overbark, that is 255 cbmlha. The annual growth 
is 19 mio cbrn overbark, i.e. 6,3 cbmlha. Both, growing stock and annual increment 
are steadily increasing, because the annual cut, the wood harvested, is only 10 to 
12 mio cbm underbark, that's about 20% less than the annual growth. Thus, the Aust- 
rian forests become richer in volume of wood and in growth, but also bigger in area, 
because every year around 5000 ha of marginal agricultural land is being turned to 
forestry and afforested - without any change in property.. 
Sales on the stump, i.e. of standing timber is almost unknown in Austria; a forest 
owner, who isn't able to harvest his wood himself, would be regardd"impotentl'. 
SAWMILLING: Austria has about 3000 sawmills, of which only few are big ones with 
100.000 to 200.000 cbrn roundwood input per year. About 300 sawmills, however, close 
down every year, mainly small ones, and production is concentrating with bigger 
mills. The main equipment are frame-saws; the output of sawnwood is 0,67 cbrn per 
1 cbrn of sawlogs. The residues (33%) are at a rate of 85% industrially utilized, 
mainly in the pulp, particle board and fibre board industry. Total input of sawlogs 
is 8 to 10 mio cbm, of which 5 to 10% are being imported. There is a remarkable 
trend to the processing of small-sized logs, down to 10 or 12 cm 0. 
The sawnwood - 5,5 to 6,O mio cbm - is used in Austria with about one third; 
two thirds are being exported, mainly to Italy, Germany, Switzerland, but also 
to the Mediterranean countries and to the Near East. On the World Market for 
sawn softwood this small country of Austria is the fifth biggest exporter, after 
Canada, USSR, Sweden and Finland. 
PULP & PAPER: Austria has a fairly developed pulp and paper industry with a high 
rate of exports (about 50%). Almost all mechanical and chemical pulp produced 
in Austria is further processed to paper and cardboard, so that almost no.: exports 
of these semi-products are made, but big exports of finished goods. However, the 
raw material, the pulpwood, has to a high degree (30-40%) to be imported from 
CSSR, Hungary, Yugoslavia, Roumania, Poland and the USSR., but it is.mainly beech 
and pine, of which the Austrian pulpwood production is insufficient. A problem of 
growing interest is the distienction between sawlogs and pulpwood; in former times 
roundwood up to 20 cm @ was pulpwood, bigger roundwood was sawlogs. But now much 
small-sized roundwood is bought by sawmills to a higher price than pulpwood. Of 
course, forestry is very happy about this development. Nowadays even fuelwood is 
becoming a competitor to pulpwood, as it is going to replace oil and has in some 
places already got a higher price than pulpwood. 
WOOD BASED PANELS: 
Particle Board production began in Austria in 1954 and is still increasing. Home 
consumption is now about half a million cbm annually, i.e. 75 cbm/1000 capita. 
About the same amount - half a million cbm - is being exported. The composition 
of the raw material has greatly changed; it is now: 7% conifers, 27% hardwood, 
64% residues. 
Within fibreboard only hardboard shows a satisfying development. Home consumption 
is 45.000 to 50.000 t, corresponding to 6 - 6,5 t/1000 capita. The share.of exports 
is 30 to 40% of total production . 
Insulation board shows a steady,decrease in production as well as in consumption. 
Two thirds of the production are being exported. 
With regard to plywood the development is still worse. Home consumption consists 
of about 10.000 cbm, home production however is only about 3000 cbm. 
Home consumption of wood based panels in total has reacehed about 20% of the home 
consumption of sawnwood. A further increase up to 30% is expected for the years 
around 2000. 
SYSTEMS ANALYSIS I N  FORESTRY AND 
THE FOREST INDUSTRY: AN OVERVIEW 
P a a v o  U r o n e n  
PREFACE 
T h i s  p a p e r  is  a s u r v e y  d i s c u s s i n g  t h e  u s e  o f  sys tems  
a n a l y t i c a l  methods i n  p l a n n i n g  and d e c i s i o n  making i n  t h e  
f o r e s t r y  and i n  t h e  f o r e s t  i n d u s t r y .  The number of p a p e r s  
and s t u d i e s  d i s c u s s i n g  d i f f e r e n t  a p p l i c a t i o n s  o f  sys tems  
a n a l y s i s  i n  t K i s  s e c t o r  i s  wide and r a p i d l y  i n c r e a s i n g .  
However t h e  real  u s e s  o f  t h e s e  methods i n  p r a c t i c e  i s  h a r d  
t o  p r e d i c t .  So t h e r e  i s  c l e a r l y  a need f o r  d e t a i l e d  state- 
o f - t h e - a r t  s t u d i e s  a t  two l e v e l s :  i n  r e s e a r c h  and i n  
p r a c t i c a l  u s e s  o f  t h e s e  methods i n  t h e  forest.  
The p a p e r  w a s  p r e s e n t e d  a t  t h e  IIASA F o r e s t  I n d u s t r y  
Workshop, J a n u a r y  8-11, 1980. 
SYSTEMS ANALYSIS IN FORESTRY AND 
THE FOREST INDUSTRY: AN OVERVIEW 
Paavo Uronen 
INTRODUCTION 
Systems analysis, i.e., modeling, simulation, optimiza- 
tion and planning techniques, etc., has been widely used in 
separate areas of the forestry sector since the end of the 
1950's. If we consider the whole sector, (.i.e., from silviculture 
and timber management to the operation of the mills and market- 
ing of the final products, there are totally different appli- 
cation tasks and therefore themethods and solutions used vary 
greatly. In the forestry area, for example, the LP-applications 
are typical but in the mill operation real-time control and 
optimization systems have wider use. 
The development in the whole area of applications has been 
very rapid. Chappelle (1977), for example, gives statistics 
concerning the increase of LP-applications in forestry in the 
US: there were two applications in 1955 and 105 in 1970. The 
application here means that it is a study of application not 
necessarily used'by foresters or managers. Today, there are 
hundreds of publications on the application of different methods 
or systems analysis in the forestry and forest industry. So it 
is impossible in this kind of overview to list and evaluate all 
or most of them. This survey is, therefore, desisned to 
take a look at the whole area, i.e. , all methoas in all a 7 - E S  cations. The aspects discussed will remain very genera 
no detailed comments on most individual papers can be made. 
Some studies mentioned here are merely taken based on the ab- 
stract only if the application or method applied is new or of 
special interest just to show the whole range of possible appli- 
cations and methods. 
The general feature here is that most applications still 
are on paper, i.e., the researchers are speaking and writing to 
each other. The number of - real applications is still quite low. 
There are several reasons for this, including: 
-- difficulties in getting all the data needed for the 
application; 
-- local needs for modification and adoption; 
-- complicated programming and hardware requirements; 
-- need for special staff; 
-- misconceptions and reluctance against new ideas; 
-- lack of practical results, i.e., cost-benefit analysis 
of these methods; and 
-- difficulties in handling multiple-usage problems and 
stochastic situations. 
Lately there have been several computer program packages 
constructed for different (mostly timber management) applica- 
tions, and these packages may promote the practical use of the 
methods. On the other hand, a "solution package" may have the 
tendency to modify the problem to fit better with the program 
package and thus the solution may loose some important local 
features necessary for decision-makers. The rapid development 
of computer technology will also ease the usage of systems 
analysis. One example for stock inventory systems is a micro- 
processor packed in a backpack for data gathering on the site. 
What might be useful in this connection is a study concern- 
ing real applications, results, experiences and problems in 
using systems analysis in forestry and the forest industry. 
The results of this study could then be used for directing RED 
in the area to real problems. 
In the following sections, the whole wide area will be 
divided into: timber management, forest sector economy, plan- 
ning of industry, land usage, production and operation, and 
other applications. Each field of application will be briefly 
discussed with a related Table that indicates the typical tasks 
and typical methods used. The reference numbers utilized in 
these Tables refer to the publications, etc., listed in the 
Reference Section. (Refer to the Notes Section for proper 
referencing of these numbers.) 
TIMBER MANAGEMENT APPLICATIONS 
The basic and most important problem to be solved in timber 
management is the temporal and spatial scheduling of silvi- 
cultural and harvesting activities during a planning period 
(50-100 years) in order to maximize (or minimize) the objective 
function and fulfill all constraints. The objective function 
used may be: present net worth of the stock, stock volume, 
return rate of investment, allowable cut, sustained long-term 
yield, timber production costs, etc. The constraints include, 
a.o., allowable annual cut, labor force available, reforesta- 
tion area, capital available, etc. In order to be able to 
solve this kind of long-term planning problem a simulation 
model for timber yield and growth must also be available. 
Linear programming is a widely studied method for the solu- 
tion of this problem. Table 1 shows an overview of selected 
application studies in the timber management area and we can 
easily see how dominant the linear programming method is. Many 
reference numbers will occur twice (or more) because modeling 
is essential in all methods. Many published studies could also 
be put in some other area too in this quite arbitral classi- 
fication. Some modifications of LP, for example goal program- 
ming and also non-linear and dynamic programming, have been 
studied, but so far the practical use of these methods have 
been very limited. The practical use of LP has been limited to 
big corporations with enough special staff and forest land, or 
to public forest owners and organizations, for example in the 
U. S. and Australia (Australian Forestry Council 1978 ; Navon 1971 ) . 
There are certain limitations in the use of LP in the above 
problem. First of all, the model, the objective function and 
the constraints should be linear; how well this is justified in 
each particular case is dependent on many factors, a.0. silvi- 
culture, species, validity of growth model, terrain, etc. Also, 
in this kind of long-range planning the question of uncertainty 
and the stochastic nature of the process are rather important. 
Additionally, more will be discussed about the multiobjective 
nature of forest management, thus the optimal production of 
timber will not be the only objective (e.g., recreation, use of 
forests, wilderness, wildlife, natural watershed, forage, con- 
servation, etc. can be taken as additional contraints or goal 
programming can be used). This is closely connected with the 
area of land usage and it will be discussed later. 
A major type of probsem closly connected with tifnber 
production and harvesting activities is the planning of logging 
and transportation of timber. Here also, as can be seen from 
Table 1, linear programming is mostly studied and applied. Some 
very interesting studies concern the use of optimal control 
theory in timber manaqement (Andersson 1976; McDonough and. 
Park 1975; Mitchell f976-;Newnham 1973). The LP-program packages 
developed will be very helpful in calculating the outcome and 
effects of different policies, activities and choices; it does 
not, however, solve the principal problem: what should be the 
real objectives, constraints and policies? This question will 
be especially important in the case of multiuse or product-mix 
of the forest lands. 
T a b l e l .  T i m b e r  management  
kthod -el- 
ing  & N e t -  Non- Opt . T ~ I W  
sirmila- work Goal l i n e a r  Dynam. Modif. a n t .  Sys t  . series 
t i o n  LP anal .  prog. prog. prog. o f  LP theory DLP dynam. anal. Other 
stock inventory, 3,6,7,14, 
growth, y i e l d  27,30,45 
Present  n e t  
worth 4,58,86 6,40 
maximation 
Sustained y i e l d  36 
Allawable c u t  18,37 37 
Harvesting 6,12,13 6,12, 
planning 25,42,46, 13,25, 
50,51,56, 42,50, 
71,72,73, 51,56, 
79,86 79,86 
Harvesting & 9,19,21, 31,53, 
t r anspor ta t ion  31,57,69, 83 
83 
S i l v i c u l t u r a l  
and/or 30,55 85 
t ranspor ta t ion  
planning 
FOREST SECTOR ECONOMY APPLICATIONS 
Table 2 shows a collection of typical applications in 
forest sector economy applications. Most of these include 
modeling and simulation only: this is understandable because, 
for example, the optimization of a forest sector economy 
(regional or national) is a very complicated multiobjective 
task. Some studies are now underway in this direction. The 
modeling methods used are typical econometric models; input- 
output modeling (Rafsnider 1975), cost-benefit analysis, and 
systems dynamics for regional and national sectors, regression 
models or time series forecasts for global trends and market 
studies. For industry development and reforestation projects 
also some LP applications exist. 
The main problem here is the long-term forecast for this 
sector on global, national and also regional levels and how to 
use these forecasts. They can not be used in individual corpo- 
rations or mills;possibly their best use can be found in discus- 
sions between different interest groups (industry, forest owners, 
government, labor unions, environmentalists) when the future 
development or choices concerning the forests usage are explored. 
Typical examples of these kind of studies on a national level 
are Jegr (1978), Kallio, et al. (1 9801, Randers and ~snnstedt 
(1979), and Randers, et al. (1978). 
PLANNING OF INDUSTRY 
There are several modeling and simulation studies (region- 
al and national) concerning the planning and evelopment of the 
forest industry (pulp 2nd paper or sawmills and other mechanical 
forest industry). These studies are mainly based on forecasts 
and trend models for demand and supply possibilities and the 
parameters in these models are estimated based on historical 
data. These trends are then used in simulation studies for the 
different locations of mills and the different production mixes 
and sizes of mills. 
The optimal mill location problem has been solved by the LP- 
technique in some s5mple cases taking, for example, only the 
transportation costs into account (Abel 1973). LP technique 
and investment cycle theory have also been used in some invest- 
ment policy studies. The possibilities of dynamic programming 
and systems dynamics have also been studled in this area 
(Randerg et al. 1978; Ruprich 1974). Table 3 summarizes the 
studies in these topics. 
What was stated in the previous section is also very valid 
here; the models and solutions are so aggregated on the national 
and regional level that they are not very useful for real projects;. 
they can serve as implications for future trends and possible 
investment policies. However, these models assume a constant 
technology and adhere to the existing pattern and trend in world 
markets and consumption. This can not be true in the long-term; 
so what is really needed here is the study of consistent world 
trade study and the study of technological change in this area. 
T a b l e  2 .  F o r e s t  s e c t o r  economy 
Net- Non- OPt- Tirne 
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For one corporation and mill, more detailed and technical 
models have been built, but these naturally include so much 
proprietary data and information that very little has been 
published (Zackrisson 1977) . 
LAND USAGE 
As previously mentioned, the multiobjective use of forest 
land is now becoming a target of many discussions between policy- 
makers, industry, and forest owners. There will be competition 
for land between agriculture, timber production, recreation, 
general conservation, wildlife, forage, etc., on the one hand, 
and for the timber (i.e., biomass) produced in forests, between 
the traditional industry (pulp, paper, mechanical), energy pro- 
duction, and the chamical industry, on the other. In this 
connection, when national and regional multiple-use of forest 
lands is planned (this concerns especially Public Forests, and 
also a big corporation), the use of systems analysis can be help- 
ful. 
Several studies in this area have already been made as can 
be seen from Table 4. The most studied method in solving the 
above described optimal product-mix problem is the LP-technique. 
The difficulty here is how to formulate the objective function, 
and how to evaluate the value of non-commodity products; for 
example, recreation usage or wildlife of forests. One method 
is to take the production of timber as the objective and the 
demand on other uses as additional constraints. (This has been 
done, for example in Timber-RAM; see Navon 1971.) Goal program- 
ming is also quite a well studied method in this application. It 
is believed that the development in multicriteria optimization 
theory will soon give more powerful methods in the solution of 
these kinds of problems; however, the main difficulty still 
remains: how to evaluate and put value on different competitive 
products? 
The problem will become still larger as it is not just the 
forest owner alone who will be involved here: many different 
interest groups (government, labor unions, environmentalists, 
recreation users, etc.) will be interested in this question and 
so the long-term policy concerning forests will be a target of 
great interest. Flick (1975) has suggested the use of input- 
output analysis to solve the value problem in multiple usage 
of forest land. For this kind of situation the possible use 
of gaming and value analyses have also been studied (Country- 
man 1974; Henne 1978). 
PRODUCTION AND OPERATION OF MILLS 
This area of systems analytical applications in the forest 
industry is well-developed and it includes the wide range from 
process control into the planning and investment models for a 
corporation. Concerning the process control studies and appli- 
cations, there are so many that only some of the recent surveys 

have been listed in Table 5 (Gee 1977; Keyes 1975; Uronen and 
Williams 1978). These applications mostly use quite simple 
mathematical models of the technological process to be controlled 
and optimal control theory in a straightforward manner. The 
use of a digital computer and also special measuring instruments 
are essential for all of these applications. 
In recent years, increased interest in more management 
type applications in this industry has arisen; the allocation of 
resources, production planning, coordinated operation of differ- 
ent units and subprocesses, management information systems, etc., 
are typical examples,,(Ahlsholm and Pettersson 1970; Edlund and 
Rigerl 1978; Leiviska and Uronen 1979a, 1979b; Oliviera, etal. 
1977; Uronen and Williams 1978). This, together with rapid 
development in computer hardware and software, will mean a more 
increased integration of these tasks and operations into a hier- 
archical management, information, planning, operation and control 
system of the mill. This will definitely be the most important 
topic for further research and development in this area. 
OTHER APPLICATIONS 
There are a lot of interesting applications of systems 
analysis in special purposes related to the forestry/forest 
industry as listed in Table 6. Road planning and transportation 
planning applications with network analysis or LP-solutions are 
closely related to timber management and/or industry location 
problems, as earlier discussed. Fire detection and control sys- 
tems and tree improvement application of the LP-technique are 
quite well studied and special cases have been documented. 
It is obvious that more and more computerized resource 
information, data collection and analyzing systems, databanks, 
and display and mapping systems are needed (e.g., in connection 
with the satellite surveying of forest resources, etc.). 
PROGRAM PACKAGES 
Table 7 gives alist of some well-known computer program 
packages developed for certain application in the forestry/ 
forest industry area. Most of them are for timber management 
applications, and the LP-technique is the most common solution 
method used. In using these programs it is necessary that all 
relevant data (e.g., yield, growth, prices, labor costs, etc.) 
is made available. The usefulness of these programs is natu- 
rally connected with the limitations and problems discussed 
earlier, as in connection with timber management applications. 
The main use is in the rapid calculation of different choices, 
but the most important part of the problem--the section of 
objective and the setting of values and constraints--must be 
solved by the decision-maker himself. It is to be expected 
that more and more of these kinds of program packages will be 
developed and used. 
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Table 7. Program packages. 
Name of Refer- 
package ence Application area 
TRES 
FOREST 
STANDSIM 
FORSIM 
RADHOP 
MASH 
ADVENT 
PUBLIC 
Timber RAM 
TEVAP 2 
ECHO 
FOCUS 
LOGPLAN 
SVEN 
RAA 
INFORM 
TRIS 
WRIS 
AUTOMAP 
CISC 
PROGNOSIS 
TIMADS 
TRAS 
WIPS 
ECOSIM 
RC S 
RD S 
OPTLOC 
RAM 
FRES 
MULTIPLOY 
TAG 
Timer mesource growth projection 
Simulation of timber growth 
Simulation of timber growth and yield 
Simulation of timber growth 
LP program for rationalizing yield flows 
through time to meet market requirements 
Maximizing the present net worth 
Budgeting in forestry management 
Land management planning 
Forest management planning 
Forest management planning 
Forest management planning 
Forest fire control planning 
Logging plan model 
Land usage planning 
Resource allocation 
Informations system for management 
Total resource information system 
Wildland resource information system 
Automatic mapper 
Continuous inventory of stand conditions 
Model for stand development 
Timber management systems 
Timber resource analysis system 
Woodlands information and planning 
Ecosystem simulation 
Resource system simulation 
Road design 
Optimal road location 
Resource allocation 
Forest range environment studies 
Investment simulation 
Transportation analysis 
Table 7. (continued) 
Name of Refer- 
package ence Application area 
WRAP 
ECHO 
GEL0 
45 Planning of wildland resources 
115 Harvesting optimization 
59 Mapping of forested areas 
SUMMARY 
The number of publications discussing the use of systems 
analysis in the forestry/forest industry area is large and this 
survey will not cover all of these. However it can not, based 
on published reports, be concluded to which extent these methods 
are really used in everyday decision-making by management. Two 
dominant application areas can be identified: timber management 
and process control. Two other growing areas can also be seen: 
land usage and management information systems in mills. Based 
on this overview, several questions can be asked: 
-- There is a certain theoretical and methodological readi- 
ness in using these methods. Why are they not used 
more widely in forestry or in the forest industry? 
-- What are the bottlenecks in the use of these methods 
and programs? 
-- Should cost-benefit analysis be applied to the use of 
systems analysis? 
-- What are the main problems to which RQD should be 
concentrated? 
-- How could the existing models (e.g., in yield and 
growth of biomass) be improved? 
-- Do local circumstances change too much from place to 
place to enable the development of general models or 
program packages? 
In addition to this, it is evident that technological change, 
the competition of land and raw materials, changing patterns in 
world trade and production, etc., will turn the planning of a 
forest sector into a very dynamic and complicated task. The 
decision must be made based on models, forecasts and data 
available: here effective use of systems analysis can be of 
great help. But even at its best, it will be only a set of 
tools; the final decision will always lie with the people, the 
management of the industry, and other decision-makers. 
NOTES 
The Reference Numbers contained in this section relate to 
Tables 1-6. They correspond to the publications, etc., listed 
in the References. 
D.B. Abel (1973) 
D.M. Adams, et al. (1975) 
F.G. Adams, et al. (1973) 
0. Ahlsholm, et al. (1970) 
A.H. Aldred (1971) 
F. J .  Andersson ( 1976) 
Anon (1979) 
Australian Forestry Council (1978) 
B.B. Bare, et al. (1975) 
E.F. Bell (1975) 
G.  Bengtsson (1977) 
D.R. Betters (1978) 
S. Bucht (1972) 
J . P .  van Buijtenen, et al. (1972) 
J. Buongiorno, et al. (1978) 
D.E. Chappelle (1977) 
D.E. Chappelle, et al. (1976) 
M .  Clawson (1979) 
J.S. Clifford, et al. (1978) 
D . J .  Clough, et al. (1977) 
F . J .  Convery (1977) 
D.W. Countryman (1974) 
D. Den Uyl (1975) 
B. Dolezal (1978) 
P.E. Dress (1975) 
K.M. Du, et al. (1975) 
D.P. Dykstra (1975) 
D.P.  D y k s t r a ,  e t  a l .  (1976)  
D.P.  D y k s t r a ,  e t  a l .  (1977)  
S.G.  E d l u n d ,  e t  a l .  (1978)  
A.R. E k ,  e t  aL (1974)  
N.R. E l d r e d  (1976)  
G.H. E l s n e r  (1975)  
W.A. F l i c k  (1975)  
W.A. F l i c k  (1977)  
K . S .  F o w l e r  (1978) 
C . L .  G a m b l e  (1977)  
R.  G a u t h i e r ,  e t  a l .  (1975)  
J . W .  G e e ,  e t  a l .  (1977)  
D.  G e r o l d ,  e t  a l .  (1977) 
D . F .  G i b s o n  (1975)  
L.A.  G o l e m a n o v  (1972)  
M.L. G u s t a f s o n ,  e t  a l .  (1975)  
A.  H a g g  (1973)  
L.N.  H a m m e r  (1975)  
A. H e n n e  (1978)  
D.L .  H o l l e y ,  Jr. (1977)  
W.F. H y d e  (1979)  
M.M. J e g r ,  e t  a l .  (1978)  
H.A. J o b s t l  (1973)  
K.N. Johnson,  e t  a l .  (1977)  
N. Johnson,  e t  a l .  (1975)  
M. K a l l i o ,  e t  a l .  (1980)  
J . T .  K e a n e  (1975)  
M.A. K e y e s  (1975)  
P. K i l k k i ,  e t  a l .  (1975)  
M. K i r b y  (1975)  
M. K i r b y  (1978)  
I. K o l e n k a  (1978)  
A.O. L a m p i ,  e t  a l .  (1975)  
F . R .  L a r s o n  (1975)  
W. L e b e l t ,  e t  a l .  (1972)  
M.R. Lembersky (1975)  
K. ~eivisk!, e t  a l .  (1979a)  
K. L e i v i s k a ,  e t  a l .  (1979b)  
W.A. L e u s c h n e r ,  e t  a l .  (1975)  
H.G. L u n d ,  e t  a l .  (1975)  
L . J .  Lundeen (1975)  
A.L .  L u n d g r e n ,  e t  a l .  (1978)  
J .M.  M c D o n o u g h ,  e t  a l .  (1975)  
T.R .  M i t c h e l l  (1976)  
J. M u e n c h ,  Jr. (1977)  
R.A. M u l l e r  (1978)  
P.A.  M u r p h y  (1976)  
C.A.  M y e r s  (1974)  
D.I. N a v o n  (1971)  
D . I .  N a v o n  (1975)  
D.I. N a v o n  (1976)  
R . E .  N e i m a n  (1976)  
D.H. N e l s o n  (1975)  
V.G. N e s t e r o v ,  e t  a l .  (1974)  
R.M. N e w n h a m  (1973)  
R.M. N e w n h a m  (1975)  
84. C . J .  Norstrdm ( 1 9 7 5 )  
85. W.F. Odendahl ( 1 9 7 5 )  
86. R.A. Oliveira, et al. ( 1 9 7 7 )  
87 .  W.G. O'Regan, et al. ( 1 9 7 5 )  
88.  H. Pabst ( 1 9 7 8 )  
89. M. Palo ( 1 9 7 1 )  
90 .  E .  Pettersson, et al. ( 1 9 7 8 )  
91 .  W.W. Phillips, et al. ( 1 9 7 8 )  
92. D.H.R. Price ( 1 9 7 7 )  
93 .  G.T. Rafsnider ( 1 9 7 5 )  
94 .  S. Rajagopal ( 1 9 7 8 )  
95 .  J. Randers, et al. ( 1 9 7 9 )  
96.  J. Randers, et al. ( 1 9 7 8 )  
97.  V.L. Robinson ( 1 9 7 4 )  
98 .  M. Rogers ( 1 9 7 9 )  
99 .  N.K. Rogers ( 1 9 7 2 )  
100 .  C. Row ( 1 9 7 7 )  
101.  J. Ruprich ( 1 9 7 4 )  
102.  K.P. Rustagi ( 1 9 7 6 )  
103.  K.P. Rustagi ( 1 9 7 8 )  
104.  A.T. Schuler ( 1 9 7 5 )  
105.  A. Schuler, et al. ( 1 9 7 5 )  
106.  G. Schwarzbart, et al. ( 1 9 7 5 )  
107.  R.N. Stone, H . E .  Dickerhoff ( 1 9 7 7 )  
108.  R.N. Stone, J.F. Saeman ( 1 9 7 7 )  
109 .  T.G. Storey ( 1 9 7 2 )  
110 .  P.L. Tedder, et al. ( 1 9 7 8 )  
111.  A.I. Tencer ( 1 9 7 7 )  
112 .  M.J. Thevenon, et al. ( 1 9 7 4 )  
123 .  H. Ulrich ( 1 9 7 4 )  
114 .  P. Uronen, et al. ( 1 9 7 8 )  
115.  J. Virtanen ( 1 9 7 2 )  
116.  J.K. Walker ( 1 9 7 5 )  
117 .  A. Weintraub, et al. ( 1 9 7 6 )  
118.  I.C.A. Weir ( 1 9 7 2 )  
119.  R.N. Weisz, et al. ( 1 9 7 5 )  
120.  D.H.  Williams, et al. ( 1 9 7 5 )  
121.  U. Zackrisson, et al. ( 1 9 7 7 )  
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APPLICATION PART 
THE COMPARATIVE ECONOMICS OF PLAWATION FORESTRY: 
AN OVERVIEW* 
by Roger A. Sedjo** 
Int roduc t ion : 
Although plantation forests make up only a small fraction of the world's 
total industrial wood supply, they are becoming increasingly important as the 
natural forests of the world decline reflecting utilization of the natural 
stands and/or land clearing for nonforest uses. As this process continues, 
greater portions of the remaining commercial forests represent regrowth, 
much of it as the result of the conscious intervention of man. Commercial 
plantation forests, those planted and actively managed for their commercial 
wood values, are gradually replacing the natural forests in many regions of 
the world. 
Three types of major plantation activities can be characterized as 
ocurring simultaneously across the world. First, in temperate regions 
that traditionally produced the majority of the world's industrial wood-- 
Northern Europe and North America--plantation forestry typically involves 
the utilization of indigeneous species. Second, other temperate regions 
that have not been traditionally major industrial wood producers are common- 
ly utilizing exotic temperate climate species (largely North American) that 
exhibit rapid growth and desired merchantibility. Third, Some tropical regions 
have found that exotic species (tropical pines, eucalyptus, gmelina) from 
~ ~- - 
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other tropical regions exhibit desirable growth and merchantibility 
characteristics. While experience with exotic plantations in the tropics 
is limited, results thus far are so dramatic that some knowledgeable observers 
maintain that tropical regions will eventually become dominant wood suppliers. 
Within this context this study will examine the economics of commercial 
plantations in' various regions, including representatives of the three regional 
types discussed above, and make preliminary assessments of the comparative 
economics of products from a typical plantation forest with each region. 
Plantation Experience : 
Plantation forests of some.type exist in almost every country. However, 
commercial plantations are important in only a relatively few regions. In 
Europe and North America--the world's major supply of industrial wood--the 
natural forests are gradually giving way to managed plantations. The process 
is most advanced in Europe, except for the USSR, where plantation forests 
have been maintained for hundreds of years. In North America plantation 
forests developed in the US South in the 1930s and have become increasingly 
important since World War 11. Initially, U.S. plantations involved merely 
reforestation with little if any subsequent magem&. However; .in recent 
years in the US South and Pacific Northwest commercial plantations, utilizing 
a range of practices, have become prevalent. By contrast, plantation forestry 
in Canada is still in its fledging stages due to the large inventories of 
natural forest still available. 
Outside of Europe and North America, several regions have developed large 
plantation forests. New Zealand currently has about one million hatares in 
plantation forests, most of it in exotic confier from North America. New 
Zealand is adding to these forests at a rate of some 50 thousand hatares per 
year. Australia has also introduced exotic plantations, particularly confiers, 
on a large scale to provide for her domestic long fiber requirements. Plan- 
tation forestry of various types is under way in Japan, the Philippines, 
Indonesia and Malayasia. India has undertaken large seale plantation 
forestry activities. Turkey and Iran have also undertaken significant plantation 
activities with a view to cananercial industrial outputs. Numerous parts of 
Africa have also been involved in various forestry schemes. Plantations have 
been created in Kenya and Tanzania in East Africa utilizing a variety of 
tropical confier species. South Africa has undertaken large plantations of 
various species, particularly - P. radiata. West Africa has been involved 
in planatation schemes utilizing eucalyptus, gmelina and tropical pines. 
Of all the nontraditional producing areas of the globe, nowhere have 
commercial forest plantations become more important than in South America. 
Plantations of P. radiata have been in place in Chile for about 75 years. In 
- 
recent years the planting activity in Chile has increased substantially. 
Significant plantation activity is also underway in Columbia, Surinam and 
Argentina. In Venezuela interest in large co~umercial plantations has become 
serious only within the past decade or less. However, the level of activity 
is substantial, involving hundreds of thousands of hatares, and the potential 
great due to the availability of large areas of land with few alternative 
uses. However, the country with the most active commercial forestry section 
is clearly Brazil. Within the past 10 years Brazil has planted some 3 to 3.5 
million hatares of new plantation forests, both confiers and nonconfier. In 
addition, the potential for expansion is vast and every indication is that 
the Brazilians intend to continue this expansion. 
Although plantations are still only a small fraction of the world's 
total forested area the current areas involved belie their true potential. 
Indus t r ia l  po ten t ia l  i s  the  r e s u l t  of not only more land being converted 
in to  fo re s t  p lantat ions ,  but a l so  of  the  probable volumes of  output. These 
a r e  l i k e l y  t o  be large,  s ince  the  physical product ivi ty  of t he  plantat ion 
is  usual ly  la rge  due t o  t h e  l ikelihood of locat ion i n  regions of high 
biological  growth and a l so  due t o  management p rac t ices  which increase usable  
growth. 
Many observers an t i c ipa t e  a growing sca rc i t y  o f  wood through the  remainder 
of  t h i s  century and i n t o  t he  next accompanied by an a t tendent  r i s e  i n  t he  
r e l a t i v e  p r i ce  of  wood products and the  primary f o r e s t  resource.  Given 
these  expectations it i s  c e r t a i n l y  prudent t o  inves t iga te  t h e  po ten t ia l  of  
plantat ion f o r e s t s  i n  meeting future  demand and t o  recognize t h a t  t he  p o s s i b i l i t y  
of higher f u t u r e  r e a l  stumpage pr ices  may provide incent ives  f o r  f o r e s t r y  
investments not previously economically j u s t i f i a b l e .  
Study Objectives: 
The purpose of t h i s  study i s  t o  undertake a broad general ana lys i s  of  the  
comparative economic po ten t ia l  of  wood growing plantat ions  i n  a number of 
locat ions  around t h e  glcbe*for pulp and lumber production f o r  major world 
markets. The study i s  not designed t o  evaluate spec i f ic  s i t e s  o r  spec i f i c  
ex i s t ing  plantat ions ,  but r a t h e r  t o  inves t iga te  the  comparative economic 
po ten t ia l  f o r  wood plantat ions  i n  a number of world regions based upon the  
biological  p o s s i b i l i t i e s  t h a t  a r e  known o r  believed t o  ex i s t ,  t h e  locat ions  
of  t he  regions with respect  t o  major world markets, and the - spec i e s  and 
qua l i ty  of t he  wood t h a t  can be produced. The focus of  t h i s  analysis  i s  
economic a s  opposed t o  f inanc ia l .  A region may enhance o r  diminish the  
f i n a c i a l  v i a b i l i t y  o f  investments i n  f o r e s t  p lantat ions  by a l t e r i n g  t he  
s e t  of  taxes,  subsidies ,  e t c .  t h a t  apply t o  t h a t  region. However, it is  
* The regions t o  be invest igated include t h e  Pac i f ic  Northwest of North America, 
t he  U.S. South, the  Nordic countr ies ,  South Brazil ,  Amazonia, Central Brazil ,  
West Africa, South Africa, New Zealand, Chile, Australia and Borneo. 
our intention to focus upon the inherent economic fundamentals created by 
biological and locational considerations. Not only is the study focus 
economic, but it is directed at the economics of plantation forestry alone 
and not to the economics of pulp or sawmills. To maintain this perspective, 
the study will assume that nonwood production costs of pulp and sawmills are 
identical worldwide. This is in keeping with the objective of the study which 
is to provide a general assessment of the economics of timber growing production 
for world markets in the various regions of the globe selected. If should also 
be noted that since our study is directed at production for the world market, 
the economics of production for local or regional markets are ignored and may 
well be quite different from the study's findings for the world market. 
The study makes no pretext of generating definitive results. The future 
is always uncertain and we see it at best darkly. Rather the objective of 
the study is to identify in a systematic fashion several important factors 
that will determine the economic viability of plantations in various regions 
around the globe for production of world markets, to investigate the trade- 
off between the identified important economic and biological factors, and to 
utilize existing data to assess, in a general fashion, the comparative economics 
of production in several potentially important regions. The analysis for 
regional potential utilizes the construction of a representative plantation 
for a region and hence is regionally but not site specific. It goes without 
saying that there is considerable variation between sites, even within a region, 
and hence the reader cannot apply the results of the study to a particular 
site in the absence of additional site specific analysis. Finally the study 
does not incorporate ecological and environmental considerations into the 
principal methodological approach. However, a chapter of the study will be 
devoted to an assessment of the state of current scientific thinking with 
regard to the ecological and environmental implications of forest plantations, 
particularly in the tropics. 
Conceptual Approach: 
The conceptual approach treats the world market for pulp-and lumber-- 
Japan, the Northeast U.S. and Western Europe--as a well integrated market 
where price differentials for the homogeneous commodities are wholly explained 
by transport and related costs. Transport costs are treated as a function 
of distance. Mills are distributed in various regions throughout the world and 
are part of fully integrated mill/plantation operations. For each region 
under investigation a representative plantation/mill complex is constructed. 
Since our focus is the plantation activity, we assume that mills are every- 
where identical emboding identical technology and having identical nonwood 
costs including the desired return to capital. Such a perspective is 
necessary to allow the analysis to focus upon the economics of the plantation 
aspects of production rather than an intermixture of plantation and mill 
considerations. Utilizing the above "model" the implicit value of wood 
delivered to the mill can be deduced as the difference between the world 
market price of the commodity and the sum of the international transport 
costs plus the nonwood mill production costs. Harvest and local transport 
costs are removed from delivered wood costs to obtain the implicit price of 
stumpage. 
Utilizing the implicit stumpage price for the various regional plantations 
together with specific information regarding the productivity and 
costs of the regionally representative plantation, an estimate of the 
discounted present value (DPV) of the various regional plantations can be 
obtained. 
Two different production regimes 'will be examined, a) an operation that 
is directed solely to the production of bleached kraft pulp, and b) a 
production operation that views lumber as its major product with the 
thinnings and wood residuals being utilized for pulp production. 
In addition, alternative scenarios will be examined which incorporate 
a wide array of assumptions. These will include in the most abstract (simple) 
fonn an analysis which focuses exclusively upon biological growth of a pulp- 
wood operation focusing upon the importance of biological growth alone in a 
pulpwood plantation. Subsequently, international transporation costs will 
be introduced and the trade-offs between location, biological growth, and 
perhaps rotation length, will be examined holding other costs constant. 
Sensitivity analysis will be undertaken to determine the extent to which the 
results will vary as changes in growth rates, international transportation 
costs, and plantation costs occur. Systematically the analysis will introduce 
additional considerations which will add to the complexity of the analysis 
as they add to the analytical realism. This complexity will include intemte 
sawtimber/pulpwood plantations. In its most detailed form the analysis will 
incorporate regionally specific management costs for integrated plantation 
complexes with regionally specific biological production functions and 
plantation costs with international transport costs. Throughout, the focus 
will be upon the world market which is treated as well integrated. 
Utilizing the above described conceptual approach, the analysis will 
estimate a unique discounted present value (DPV) for each regional, species, 
different set of production outputs, etc. 
A ranking of DPV for each scenario will provide an estimate of the 
capitalized value of the particular forest site for timber production over 
a long time horizon. However, in itself, the D W  will not indicate the economic 
viability of a particular site since land acquisition costs and plantation 
development costs have not been considered. An economic interpretation of 
the meaning of the various DPV is as follows: The DPV indicates the amount 
of initial investment that the rational investor should be willing to pay 
in order to bring that land into a forest plantation operation of the type 
discussed above, i.e. the price he is willing to pay for the asset. If the 
acquisition and development costs are equal to the DPV, the implication is 
that the project will return to the investor a percentage return equal to 
the discount rate used in the analysis. If the acquisition and development 
costs are less than the DPV, the return will be greater than the discount 
rate used in the analysis. If the acquisitions and development costs are 
greater than the DPV the project returns do not cover the opportunity costs 
of the land and capital required to get the plantation on stream. The 
analysis does not attempt to assess the development costs for each region 
since these costs would obviously be highly site specific. However, certain 
broad observations are made for the various regions based upon knowledge of 
that region acquired in undertaking this project. 
Some Specifics: 
The specific approach has several dimensions. First, a representative 
plantation is being developed- for each of the regions, species, and plantation 
types under consideration. The object is to represent a typical or average 
plantation for the region. Each representative plantation will specify a 
production and management regime consistent with common practices in commercial 
plantations within the region. This will include species, major product 
(pulpwood or sawtimber), rotation length, biological growth rate, and a set 
and time profile of management practices (these include site preparation, 
planting, cleaning, thinning, harvesting, etc.) utilizing available data, 
the costs of the various management activities will be identified. A 
region may have more than one representative plantation. For example, 
Southern Brazil has several possible representative plantations including 
a pine fiber plantation, a eucalyptus sawtimber plantation, etc. The 
same will be true for other regions. In all, perhaps 20-30 representative 
plantations will be constructed. However, we anticipate that the analysis 
will focus on a subset of these. 
Second, a global matrix is being developed that relates world markets for 
pulp and sawtimber to the raw material supplies in the various plantations. 
As noted, the world markets for pulp and sawtimber are defined as being Japan, 
the U.S. Northeast, and Western Europe. Prices in these three markets are 
defined as not differing by more than the cost of transportation between 
them. Pacific Northwest Region of North America (PNW) establishes the 
baseline market prices with the world market prices equaling the PNW price 
plus transporation costs from the PNW to that region. The rationale for 
this procedure is that the PNW has traditionally competed simultaneously 
in the three segments of the world market under consideration. 
For a particular commodity in the world market a concentr3c zone framework 
can be developed. For example, the mill price of the pulp at the plantation 
will equal the world market price minus transport costs. Therefore, as the 
plantation mill increases its distance from the relevant world market, the 
mill price of the pulp will decrease. Utilizing the above perspective and 
the knowledge of the nonwood costs, the residual can be assigned as the implicit 
wood price delivered to the mill. The substraction of the harvests and 
transport costs leaves a residual that is the amount left for stumpage or 
the implicit stumpage value. To cite a specific example, suppose that the 
world market price of long-fiber bleached kraft pulp is $450 delivered to 
the world market. Suppose that the nonwood costs of production of a typical 
mill utilized worldwide is $310. This figure would include not only the normal 
return to the capital but also the costs of the power, chemicals, labor, and 
other nonwood inputs. The residual, $140, would be available to cover 
transportation costs to the world market and wood input costs delivered 
to the mill. If transport costs to a region were (say) $50 per ton for 
pulp, a residual of $90 per ton would be available to cover wood costs. One 
ton of pulp requires about 4.7 m3 of pine per ton of woodpulp, therefore, 
the implicit residual per m3 is $19.15 per m3 at the mill. If harvest and 
3 
wood transport costs to the mill are about $12 per m , the implicit stumpage 
3 
value is $7.15 per m . Should pulp international transport costs rise from 
$50 to $75, only a $65 residual would be available to cover delivered wood 
3 
costs, i.e. $13,83 per m . After $12 has been removed for harvest and 
transport costs, a residual of only $1.83 per m3 is available as the implicit 
stumpage value. Using this procedure estimates of regional stumpage prices 
can be obtained. 
The above illustration demonstrates the importance of location and shows 
that an increase in transportation costs will directly impact upon the 
implicit stumpage value. Of course, to the extent that nonwood mill costs 
or harvest and delivery costs to mill are reduced, the residual value of the 
stumpage is increased. 
Finally, the time profile of costs and outputs of the regional rep- 
resentative plantation will be combined with the estimate of regional 
stumpage value deduced from the transportation matrix to estimate a DPV 
for the various regions. Alternative scenarios based on different assump- 
tions concerning costs, discount rates and future prices will be examined. 
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ABSTRACT 
This paper describes a dynamic linear programming model for 
studying long-range development alternatives of forestry and 
forest based industries at a national and regional level. The 
Finnish forest sector is used as an object of implementation and 
for numerical examples. Our model is comprised of two subsystems, 
the forestry and the industrial subsystem, which are linked to 
each other through the wood supply. The forestry submodel de- 
scribes the development of the volume and age distribution of 
different tree species within the nation or its subregions. In 
the industrial submodel we consider various production activities, 
such as saw mill industry, panel industry, pulp and paper industry, 
as well as further processing of primary products. For a single 
product, alternative technologies may be employed. Thus, the 
production process is described by a small Leontief model with 
substitution. Besides supply of wood and demand of wood products, 
production is restricted through labor availability, production 
capacity, and financial resources. The production activities 
are grouped into financial units and the investments are made 
within the financial resources of such units. Objective functions 
related to GNP, balance of payments, employment, wage income, 
stumpage earnings, and industrial profit have been formulated. 
Terminal conditions have been proposed to be determined through 
an optimal solution of' a stationary model for the whole forest 
sector. 
The structure of the integrated forestry-forest industry 
model is given in the canonical form of dynamic linear programs 
for which special solution techniques may be employed. Two 
versions of the Finnish forest sector models have been imple- 
mented for the interactive mathematical programming system 
called SESAME, and a few numerical runs have been presented to 
illustrate possible use of the model. 
A MODEL FOR THE FOREST SECTOR 
M. Kallio, A. Propoi, and R. Seppala 
1 . INTRODUCTION 
As is the case with several natural resources, many regions 
of the world are now at the transition period from ample to scarce 
wood resources. Because the forest sector plays an important 
role in the economy of some countries, long-term policy analysis 
of the forest sector, i.e., forestry and forest industries, is 
becoming an important issue for these countries. 
We may single out two basic approaches for analyzing long- 
range development of the forest sector: simulation and optimi- 
zation. Simulation techniques (e.g., system dynamics) allow 
us to understand and to quantify basic relationships influencing 
the development of the forest sector (see Jegr et al. 1978, 
Randers 1976, Seppala et al. forthcoming). Hence, using a simu- 
lation technique we can evaluate the consequences of a specific 
policy. However, using only simulation it is difficult to find 
a "proper" (or in some sense optimal) policy. The reason for 
this is that the forest sector is in fact a large-scale dynamic 
system and, on the basis of simulation alone, it is difficult to 
select an appropriate policy which should satisfy a large number 
of conditions and requirements. For this we need an optimization 
technique. Because of the complexity of the system in question, 
linear programming (Dantzig 1963) may be considered as the most 
appropriate technique for this case. It is worthwhile to note 
that the optimization technique itself should be used on some 
simulation basis; i.e., different numerical runs based on dif- 
ferent assumptions and objective functions should be carried 
out to aid the selection of an appropriate policy. Specific 
applications of such an approach for planning an integrated 
system of forestry and forest industries have been presented, 
for instance, by Jackson (1974) and Barros and Weintraub (1979). 
Already because of the nature of growth of the forests, 
the model should necessarily be dynamic. Therefore, in this 
paper we consider a dynamic linear programming (DLP) model for 
the forest sector. In this approach the planning horizon (e.g., 
a 50-year period) is partitioned into a (finite) number of time 
periods (e.g., 5-year periods) and for each of these shorter 
periods we consider a static linear programming model. A dynamic 
LP is then just a linear program comprising of such static models 
which are interlinked via various state variables (i.e., different 
types of "inventories", such as wood in the forests, production 
capacity, assets, liabilities, etc., at the end of a given period 
are equal to those at the beginning of the following period). 
In our forest sector model, each such static model comprises 
two basic submodels: a forestry submodel, and an industrial 
model of production, marketing and financing. The forestry 
submodel describes also ecological and land availability con- 
straints for the forest, as well as labor and machinery constraints 
for harvesting and planting activities. 
The industrial submodel is described by a small input-out- 
put model with both mechanical (e.g., sawmill and plywood) and 
chemical (e.g., pulp and paper) production activities. Also 
secondary processing of the primary products will be included 
in the model, in particular, because of the expected importance 
of such activities in the future. 
The rate of production is restricted by wood supply (which 
is one of the major links between the submodels), by final demand 
for wood products, by labor force supply, by production capacity 
availability, and finally, by financial considerations. 
The evaluation criterion in comparing alternative policies 
for the forest sector is highly multiobjective: while selecting 
a reasonable long-term policy, preferences of different interest 
groups (such as government, industry, labor, and forest owners) 
have to be taken simultaneously into account. It should also 
be noted that forestry and industry submodels have different 
transient times: a forest normally requires a growing period of 
at least 40 to 60 years whereas a major structural change in the 
industry may be carried out within a much shorter period. Because 
of the complexity of the system, it is sometimes desirable to 
consider the forestry and the industries on some independent 
basis, each with its own objective(s), and to analyze an inte- 
grated model thereafter (see Kallio et al. 1979). 
The paper is divided into two parts. In the first part 
(Sections 2-4) we describe the methodological approach. In the 
second part (Section 5) a. specific implementation for the Finnish 
forest sector is described and illustrated with somewhat hypo- 
thetical numerical examples. 
2. THE FORESTRY SUBSYSTEM 
Mathematical programming is a widely applied technique for 
operations management and planning in forestry (e.g., Navon 1971, 
Dantzig 1974, Kilkki et al. 1977, Newnham 1975, ~aslund 1969, 
Wardle 1965, Ware and Clutter 1971, Weintraub and Navon 1976, 
Williams 1976). In this section we follow a traditional formu- 
lation of the forests' tree population into a dynamic linear 
programming system. We describe the forestry submodel, where 
the decision variables (control activities) are harvesting and 
planting activities, and where the state of the forests is 
represented by the volume of trees in different species and 
age groups. Because the model is formulated in the DLP frame- 
work, we single out the following: (i) state equations which 
describe the development of the system, (ii) constraints which 
restrict feasible trajectories of the forest development, (iii) 
planning horizon, and (iv) objective function(s). 
2.1 State Equations 
Each tree in the forest is assigned to a class of trees 
specifying the age and the species of the tree. A tree belongs 
to age group a (a = 1,. . . , N-1) if its age is at least (a-1) A 
but less than aA, where A is a given time interval (for example, 
five years). In the highest age group a = N all trees are in- 
cluded which have an age of at least (N-1)A. (Instead of age 
groups, we might alternatively assign trees to size groups speci- 
fied by the trees1 diameter.) We denote by wsa(t) the number of 
trees of species s, s = 1,2,3, ..., (e.g., pine, spruce, birch, 
etc.) in age group a at the beginning of time period t, 
t = 0,1, ..., T. 
S Let aaal(t) show the ratio of trees of species s and in age 
group a that will proceed to the age group a' during time period 
t. We shall consider a model formulation where the length of 
each time period is A. Therefore, we may assume that as (t) aa ' 
is independent of t and equal to zero unless a' is equal to a+l 
s (or a for the highest age group). We denote then cx;, (t) = aa 
S S 
with 0 < aa < 1. The ratio 1 - a, 
- - 
may then be called the attri- 
tion rate corresponding to time interval A and tree species s in 
age group a. We introduce a subvector ws (t) = {wSa (t) 1 , speci- 
fying the age distribution of trees (number of trees) for each 
tree species s at the beginning of time period t. Assuming neither 
harvesting nor planting, the age distribution of trees at the 
beginning of the next time period t+l will then be given by 
S 
a w (t) where as is the square N x N growth matrix, describing 
S 
aging and death of the trees resulting from natural causes. By 
our definition, it has the form 
Introducing a vector w (t) = {ws (t) } = w t 1 , describing 
tree species and age distribution and a block-diagonal matrix ci 
with submatrices as on its diagonal, the species and age distri- 
bution at the beginning of period t+l will be given by aw(t). 
+ We denote by u (t) and u-(t) the vectors of planting and har- 
vesting activities at time period t. The state equation describ- 
ing the development of the forest will then be 
+ 
w(t+l) = aw(t) + rju (t) - wu-(t) , 
where matrices rj and w specify planting and harvesting 
+ 
activities in such a way that rju (t) and -wu-(t) are the incre- 
mental change in numbers of trees resulting from planting and 
harvesting activities, respectively. 
A planting activity n may be specified to mean planting of 
one tree of species s which enters the first age group (a =.I) 
during period t. Thus, matrix r~ has one unit column vector 
for each tree species s. The nonzero element of such a column 
is on the row of the first age group for tree species s in equa- 
tion (I)-. 
A harvesting activity h is specified by variables u- (t) h 
which determine the level of this activity (e-g., final harvest- 
s ing, thinning, etc.). The coefficients wah of matrix w 
S - 
are defined so that wah~(t) is the number of trees of species 
s from age group a harvested when activity h is applied at level 
uh(t). Thus, these coefficients show the age and species dis- 
tribution of trees harvested when activity h is applied. 
Sometimes the harvesting activities can be specified simply 
by the numbers of trees of species s and age a harvested during 
time period t. There is some danger in this specification, however, 
because the solution of the model may suggest that only one or 
very few age groups will be harvested at each time period t. 
This would of course be unrealistic in practice. Therefore, it 
is recommended that each harvesting activity is defined through 
a tree distribution corresponding to actual operations. 
2.2 Constraints 
Land. Let H(t) be the vector of total acreage of different 
types d of land available for forests at time period t. A land 
S type d may refer, for instance, to a soil type. Let Gad be the 
area of land species d required by one tree of species s and age 
group a. We assume that each tree species uses only one type 
S 
of land d; i.e., only one of the elements Gad, d = 1 ,  2, ..., 
is nonzero. Thus, if we consider more than one land type, then 
the tree species s may also refer to the soil. ~efining the 
S 
matrix G = (Gad), we have the land availability restriction 
In this formulation we assume that the land area H(t) is 
exogenously given. Alternatively, we may endogenize vector ~ ( t )  
by introducing activities and a state equation for changing the 
area of different types of land. Such a formulation is justi- 
fied if changes in soil type over time is considered or if some 
other lana intensive activities, such as agriculture, are included 
in the model. 
Besides land availability constraints, requirements for 
allocating land for certain purposes (such as preserving the 
forest as a water shed or as a recreational area) may be stated 
in the form of inequality (2). In such a case (the negative of) 
a component of H(t) would define a lower bound on such an alloca- 
tion, while the left hand side would yield the (negative of) 
land allocated in a solution of the model. 
Sometimes constraints on land availability may be given 
in the form o'f equalities which require that all land which is 
made available through harvesting at a time period should be 
used in the same time period for planting new trees of the type 
appropriate for the soil. Forest laws in many countries even 
require following this type of pattern. 
Labor and other resources. Harvesting and planting acti- 
vities require resources such as machinery and labor. Let 
Rf (t) and R- (t) be the usage of resource g at the unit level 
n gh 
of planting activity n and harvesting activity h, respectively. 
+ 
Defining the matrices R (t) = {R+ (t) 1 and R-(t) = {Rlh(t) 1 , gn 
and vector R(t) = { ~ ~ ( t ) }  of available resources during period 
t, we may write the resource availability constraint as follows: 
Wood supply. The requirements for wood supply from forestry 
to industries can be given in the form: 
where vector y (t) = {yk(t) 1 specifies the requirements for dif- 
ferent timber assortments k (e.g., pine log, spruce pulpwood, 
etc.), and matrix S(t) transforms quantities of harvested trees 
of different species and age into the volume of different timber 
assortments. Note that the volume of any given tree being har- 
vested is assigned in (4) to log and pulpwood in a ratio which 
depends on the species and age group of the tree. 
2.3 Planning Horizon 
The forest as a system has a very long transient time: one 
rotation of the forest may in extreme conditions require more 
than one hundred years. Naturally, various uncertainties make 
it difficult to plan for such a long time horizon. On the other 
hand, if the planning horizon is too short we cannot take into 
account all the consequences of activities implemented at the 
beginning of the planning horizon. As a compromise we may think 
of a planning horizon of 50 to 80 years. Thus, if one period 
represents an interval of five years, the model will constitute 
10 to 16 stages. It should be noted that such a planning horizon 
is unnecessarily long for the industrial subsystem and too short 
for the forestry subsystem. In order to eliminate the latter 
difficulty, it is desirable to analyze a stationary regime for 
the forests. In this case we set w(t+l) = w(t) = w, for all t. 
Similarly planting and harvesting activities are taken indepen- 
+ + 
sent of time; i.e., u (t) = u and u-(t) = u-, for all t. The 
state equation (1) can then be restated as 
+ Imposing constraints (2) through (4) on variables w, u , 
and u-, we can solve the static linear programming problem and 
* 
find an optimal stationary state w of the forest (and corre- 
sponding harvesting and planting activities). This approach 
has been used, for instance, by Rorres (1978) for finding the 
stationary maximum yield of a harvest. The solution of a dynamic 
linear progran with terminal constraints 
yields the optimal transition to this stationary state. 
Another way of introducing a stationary state is to consider 
an infinite period formulation and to impose constraints w(t) = 
+ + 
w(t+l), u-(t) = u-(t+l) and u (t) = u (t+l), for all t - > T. If 
the model parameters for period t are assumed independent of time 
for all t - > TI then the dynamic infinite horizon linear program- 
ming model may be formulated as a T+l period problem where the 
last period represents a stationary solution for periods t - > TI 
and the first T periods represent the transition from the ini- 
tial state to the stationary solution. 
There is a certain difference in these two approaches of 
handling the stationary state. In the first approach, when (5) 
is applied, we first find the optimal stationary solution in- 
dependently of the transition period, and thereafter we deter- 
mine tne optimal transition to this stationary state. In the 
latter approach we link the transition period with the period 
corresponding to the stationary solution. The linkage takes 
place in the stationary state variables which are determined 
in an optimal way taking into account both time periods simul- 
taneously. 
2.4 Objective Functions 
The forest management described above, has a very multi- 
objective nature. For example, the following objectives have 
been mentioned (Dantzig 1974, Steuer and Schuler 1978): 
1 )  obtaining higher yields of round wood; 2) preserving the 
watershed; 3) preserving the forest as a recreational area; 
4) making the forest resilient to diseases, fire, droughts, etc. 
Some of these objectives may be included in objective function(s), 
while others can be given as constraints. In Section 2.2 we 
considered some of these types of objectives as constraints. 
A common objective which is also used as an objective 
function is the discounted sum of net income in forestry. This 
profitnlay be expressed as.a-linear combination of the decision 
variables: 
T- 1 1 B (t) [J-(t)u-(t) - J+(t)u+(t) I 
Here J- (t) accounts for the mill price of the wood less trans- 
+ 
portation and harvesting costs at unit level. Vector J (t) 
refers to planting costs at unit level and B(t) is a discounting 
factor. For illustrative purposes we shall use this objective 
function for forestry. 
2.5 Forestry Model 
In summary, our forestry model may now be stated as 
follows. Given state equation (I), an initial state w(0) = w 0 
* 
and a terminal state w(T) = w , find such nonnegative controls 
+ {u-(t) 1 and {u (t) 1 (t = O,,.. . , - 1  which satisfy con- 
straints (2) through (4) , yield nonnegative state vectors w (t) 
and maximize the aggregated profit defined in (6). 
In this problem the vector y(t) of wood supply, the (vec- 
tor of) available land H(t), and the availability of labor and 
other resources R(t) are given exogenously. Therefore, policy 
analysis for forestry on the basis of only this submodel is very 
limited in its possibilities. We shall link below this submodel 
with an industrial submodel describing transformation of 
wood raw material into products. 
Note that our formulation may also be considered as a 
regionalized forestry model. In this case we only have to 
extend the meaning of various indices (tree species s, planting 
activity n, harvesting activity h, land type d, resource g, and 
timber assortment k) to refer, in addition to the above, also 
to various subregions within the nation. 
3. THE INDUSTRIAL SUBSYSTEM 
We will now consider the industrial subsystem of the forest 
sector. Again the formulation is a dynamic linear programming 
model. We discuss first the section related to production and 
final demend of wood products, then the financial considerations 
and the complete industrial submodel thereafter. 
3.1 Froduction and Demand 
Let x(t) be the vector (levels of) of production activities 
for period t, for t = 0, 1, . . . ,  T-1. Such an activity i may 
include productiori of sawn wood, panels, pulp, paper, converted 
products, etc. For each single product j ,  there may exist 
several alternative production activities i which are specified 
through alternative uses of raw material, technology, etc. Let 
U be the matrix of wood usage per unit of production activity 
so that the wood processed by industries during period t is given 
by vector Ux(t). Note that matrix U has one row corresponding 
to each timber assortment k (corresponding to the components 
of supply vector y(t) in the forestry model). Some of the 
elements in U may be negative. For instance, saw milling con- 
sumes logs but produces raw material (industrial residuals) for 
pulp mills. This byproduct appears as a negative component in 
matrix U. We denote by r(t) = irk(t) 1 the vector of wood raw 
material inventories at the beginning of period t (i.e., wood 
harvested but not processed by the industry). As above, let 
y(t) be the amount of wood harvested in different timber assort- 
ments, and zf (t) and Z- (t) the (vectors of) import and export 
of different assortments of wood, respectively during period t. 
Then we have the following state equation for the wood raw ma- 
terial inventory: 
I n  o t h e r  words, t h e  wood inventory  a t  t h e  end of p e r i o d  t i s  
t h e  inventory  a t  t h e  beginning of t h a t  pe r iod  p l u s  wood ha rves t ed  
and imported l e s s  wood consumed and expor ted  (du r ing  t h a t  p e r i o d ) .  
Note t h a t  i f  t h e r e  i s  no s t o r a g e  ( change ) ,  and no import  nor expor t  
of  wood, then  ( 7 )  reduces  t o  y ( t )  = U x ( t ) ;  i . e . ,  wood ha rves t ed  
e q u a l s  t h e  consumption of  wood. For wood import  and e x p o r t  we 
+ 
assume upper l i m i t s  Z ( t)  and 2 - ( t ) ,  r e s p e c t i v e l y :  
and 
The p roduc t ion  p rocess  may be d e s c r i b e d  by a  s imple  inpu t -  
o u t p u t  model w i t h  s u b s t i t u t i o n .  Let  A ( t )  be an input -output  
m a t r i x  having one row f o r  each product  j and one column f o r  each 
product ion  a c t i v i t y  i s o  t h a t  A ( t )  x  (t) i s  t h e  ( v e c t o r  o f )  n e t  
p roduct ion  when p roduc t ion  a c t i v i t y  l e v e l s  a r e  g iven  by x ( t ) .  
Let  m ( t )  = bnj ( t )  j and e  ( t)  = i e j  ( t )  j be t h e  v e c t o r s  of import  
from and e x p o r t  t o  t h e  f o r e s t  s e c t o r ,  r e s p e c t i v e l y ,  f o r  p roduc t s  
j .  Then, exc luding  from c o n s i d e r a t i o n  a  p o s s i b l e  change i n  t h e  
product  i nven to ry ,  w e  have 
Both f o r  expor t  and f o r  import  w e  assume e x t e r n a l l y  g iven  bounds 
E ( t )  and M ( t ) ,  r e s p e c t i v e l y :  
Product ion a c t i v i t i e s  a r e  f u r t h e r  r e s t r i c t e d  through l a b o r  
and m i l l  c a p a c i t i e s .  Le t  L ( t )  be t h e  v e c t o r  of  d i f f e r e n t  t y p e s  
of l a b o r  a v a i l a b l e  f o r  t h e  f o r e s t  i n d u s t r i e s .  Labor may be 
c l a s s i f i e d  i n  d i f f e r e n t  ways t a k i n g  i n t o  account ,  f o r  i n s t a n c e ,  t ype  
of  p roduct ion ,  and t h e  type  of r e s p o n , s i b i l i t i e s  i n  t h e  produc- 
t i o n  p rocess  ( e . g . ,  work f o r c e ,  management, e t c . )  . Let  ~ ( t )  
be a coefficient matrix so that p(t)x(t) is the (vector of) 
demand for different types of labor given production activity 
levels x (t) . Thus we have 
We will consider the production (mill) capacity as an en- 
dogenous state variable. Let q(t) be the vector of the amount 
of different types of such capacity at the beginning of period 
t. Such types may be distinguished by region (where the capac- 
ity is located), by type of product for which it is used and by 
different technologies to produce a given product. Let Q(t) be 
a coefficient matrix so that Q(t)x(t) is the demand (vector) 
for these types of capacity. Such a matrix has nonzero elements 
only when the region-product-technology combination of a produc- 
tion activity matches with that of the type of capacity. The 
production capacity restriction is then given as 
The development of the capacity is given by a state equa- 
tion 
where 6 is a diagonal matrix accounting for (physical) depre- 
cation and v(t) is a vector of investments (in physical units). 
Capacity expansions are restricted through financial resources. 
We do not consider possible constraints of other sectors, such 
as heavy machinery or building industry, whose capacity may be 
employed in investments of the forest sector. 
3.2 Finance 
We will now turn our discussion to the financial aspects. 
We partition the set of production activities i into financial 
units (so that each activity belongs uniquely to one financial 
unit). Furthermore, we assume that each production capacity 
is assigned to a financial unit so that each production activity 
employs only capacities assigned to the same financial unit as 
the activity itself. 
Production capacity in (14) is given in physical units. 
For financial calculations (such as determining taxation) we 
define a vector q(t) of fixed assets. Each component of this 
vector determines fixed assets (in monetary units) for a finan- 
cial unit related to the capacity assigned to that unit. Thus, 
fixed assets are aggregated according to the grouping of pro- 
duction activities into financial units, for instance, by region, 
by industry, or by groups of industries. 
Financial and physical depreciation may differ from each 
other; for instance, when the former is defined by law. We 
define a diagonal matrix (I-x(t) ) so that (I-T(t) )c(t) is 
the vector of fixed assets left at the end of period t when 
investments are not taken into account. Let K(t) be a matrix 
where each component determines the increase in fixed assets 
(of a certain financial unit) per (physical) unit of an invest- 
ment activity. Thus the components of vector R(t)v(t) determine 
the increase in fixed assets (in monetary units) for the finan- 
cial units when investment activities are applied (in physical 
units) at a level determined by vector v(t). Then we have the 
following state equation for fixed assets: 
For each financial unit we consider external financing 
(long-term debt) as an endogenous state variable. Let Il (t) 
be the (vector of) beginning balance of external financing for 
different financial units in period t. Similarly, let l+(t) 
and Il-(t) be the (vectors of) drawings of debt and the repayments 
made during period t. In this notation, the state equation for 
long-term debt is as follows: 
We will restrict the total amount for long-term debt through 
a measure which may be considered as a realization value of a 
financial unit. .This measure is a given percentage of the total 
assets less short-term liabilities. Let ~ ( t )  be a diagonal 
matrix of such percentages, let b(t) be the (endogenous vector 
of) total stockholders equity (including cumulative profit and 
stock). Then the upper limit on loans is given as 
Alternatively, external financing may be limited, for in- 
stance, to a percentage of a theoretical annual revenue (based 
on available production capacity and on assumed prices of pro- 
ducts). Note that no repayment schedule has been introduced in 
our formulation, because an increase in repayment can always be 
compensated by an increase of drawings in the state equation (16). 
Next we will consider the profit (or loss) from period t. 
Let p+(t) and p-(t) be vectors whose components indicate profits 
and losses, respectively, for the financial units. By definition, 
both profit and loss cannot be simultaneously nonzero for any 
financial unit. For a solution of the model, this fact usually 
results from the choice of an objective function. 
Let P(t) be a matrix of prices for products (having one 
colcmn for each product and one row for each financial unit) 
so that the vector of revenue (for different financial units) 
from sales e (t) outside the forest industry is given by P (t) e (t) . 
Let C(t) be a matrix of direct unit production costs, including, 
for instance, wood, energy, and direct labor costs. Each row 
of C(t) refers to a financial unit and each column to a pro- 
duction activity. The (vector) of direct production costs for 
financial units is then given by C(t)x(t). 
The fixed production costs may be assumed proportional to 
the (physical) production capacity. We define a matrix F(x) 
so that the vector F (t)q (t) yields the fixed costs of period t 
for the.financia1 units. According to our notation above, 
(financial) depreciation is given by the vector G(t) q(t) . 
We assume that interest is paid on the beginning balance of debt. 
Thus, if ~ ( t )  is the diagonal matrix of interest rates, then the 
vector of interest paid (by the financial units) is given by 
~(t)R(t). Finally, let D(t) be (a vector of) exogeneously given 
cash expenditure covering all other costs. Then the profit be- 
fore tax (loss) is given as follows: 
The stockholder equity b(t), which we already employed 
above, satisfies now the following state equation: 
where T (t) is a diagonal matrix for taxation and B(t) is the 
(exogenously given) amount of stock issued during period t. 
Finally, we consider cash (and receivables) for each finan- 
cial unit. Let c(t) be the vector of cash at the beginning of 
period t. The change of cash during period t is due to the 
profit after tax (or loss), depreciation (i.e., noncash expen- 
diture), drawing of debt, repayment, and investments. Thus 
we assume that the possible change in cash due to changes in 
accounts receivable, in inventories (wood, end products, etc.) 
and in accounts payable cancel each other (or that these quan- 
tities remain unchanged during the period). Alternatively, such 
changes could be taken into account assuming, for instance, that 
the accounts payable and receivable, and the inventories are 
proportional to annual sales of each financial unit. 
Using our earlier notation, the state equation for cash is 
now 
3.3 Initial State and Terminal Conditions 
In our industrial model, we now have the following state 
vectors: wood raw material inventory r(t), (physical) production 
capacity q (t) , fixed assets q(t), long-term debt E (t) , cash c (t) , 
and total stockholders equity b(t). For all of them we have an 
initial value and possibly a limit on the terminal value. We 
shall refer to the initial and terminal values by superscripts 
0 and *, respectively; i.e., we have the initial state given as 
and a terminal state restricted, for instance, as follows: 
The initial state is determined by the state of the forest in- 
dustries at the beginning of the planning horizon. The terminal 
state may be determined as a stationary solution similarly as we 
described for the forestry model above. 
If we consider the wood supply y(t) being exogenous, we 
now have an industrial submodel which may be analyzed indepen- 
dently from the forestry submodel. A more complete duscussion 
on objectives will be given in the next section, but for illus- 
trative purposes, we may choose now the discounted sum of indus- 
trial profits (after tax) as an objective function: 
Here B(t) is a (row) vector where components are the discounting 
factors for different financial units (for period t). 
3.4 Industrial Model 
We may now summarize the industrial model. Given initial 
+ 
state (21) , find nonnegative control vectors x(t) , z (t) , z- (t) , 
m(t), e(t), ~ ( t ) ,  k+(t), &-(t) p+(t), and p-(t), and nonnegative 
state vectors r(t), q(t), q(t), k(t), c(t), and b(t), for all t 
which satisfy constraints and state equations (7) - ( 2 0 ) ,  the 
terminal requirements (22) , and maximize the linear functional 
given in (23). 
As was the case with the forestry model, our industrial 
model may also be considered being regionalized. Again various 
indices (such as production activities, production capacities, 
etc.) should also refer to subregions within the country. Var- 
ious transportation costs will then be included in direct pro- 
duction costs. For instance for a given product being produced 
within a given region there may be alternative production acti- 
vities which differ from each other only in the source region of 
raw material. 
4. THE INTEGRATED SYSTEM 
We will now consider the integrated forestry--forest in- 
dustries model. First we have a general discussion on possible 
formulations of various objective functions for such a model. 
Thereafter, we summarize the model in the canonical form of 
dynamic linear programming. A tableau representation of the 
structure of the integrated model will also be given. 
4.1 Objectives 
The forest sector may be viewed as a system controlled by 
several interest groups or parties. Any given party may have 
several objectives which are in conflict with each other. 
Obviously, the objectives of one party may be in conflict with 
those of another party. For instance, the following parties 
may be taken into account: representatives of industry, govern- 
ment, labor, and forest owners. Objectives for industry may be 
the development of profit of different financial units. Govern- 
ment may be interested in the increment of the forest sector 
t o  t h e  g r o s s  n a t i o n a l  p r o d u c t ,  t o  t h e  b a l a n c e  o f  payments ,  and 
t o  employment. The l a b o r  u n i o n s  a r e  i n t e r e s t e d  i n  employment 
and  t o t a l  wages e a r n e d  i n  f o r e s t r y  and  d i f f e r e n t  i n d u s t r i e s  
w i t h i n  t h e  s e c t o r .  O b j e c t i v e s  f o r  f o r e s t  owners  may be t h e  
income e a r n e d  f rom s e l l i n g  and  h a r v e s t i n g  wood. Such o b j e c -  
t i v e s  r e f e r  t o  d i f f e r e n t  t i m e  p e r i o d s  t ( o f  t h e  p l a n n i n g  h o r i z o n )  
and  p o s s i b l y  a l s o  t o  d i f f e r e n t  p r o d u c t  l i n e s .  W e  w i l l  now g i v e  
s i m p l e  examples  o f  f o r m u l a t i n g  s u c h  o b j e c t i v e s  i n t o  l i n e a r  
o b j e c t i v e  f u n c t i o n s .  
I n d u s t r i a l  p r o f i t .  The v e c t o r  o f  p r o f i t s  f o r  t h e  i n d u s t r i a l  
+ f i n a n c i a l  u n i t s  was d e f i n e d  above a s  [ I - - r  ( t ) ] p  ( t )  - p-( t)  f o r  
e a c h  p e r i o d  t. I f  o n e  w a n t s  t o  d i s t i n g u i s h  between d i f f e r e n t  
f i n a n c i a l  u n i t s ,  t h e n  a c t u a l l y  e a c h  component o f  s u c h  a v e c t o r  
may be c o n s i d e r e d  a s  a n  o b j e c t i v e  f u n c t i o n .  However, o f t e n  
w e  a g g r e g a t e  s u c h  o b j e c t i v e s  f o r  p r a c t i c a l  p u r p o s e s ,  f o r  i n s t a n c e ,  
summing up d i s c o u n t e d  p r o f i t s  o v e r  a l l  t i m e  p e r i o d s ,  summipg 
o v e r  f i n a n c i a l  u n i t s ,  o r  a s  i n  ( 2 3 ) ,  summing o v e r  b o t h  t i m e  
p e r i o d s  and  f i n a n c i a l  u n i t s .  
I n c r e m e n t  t o  g r o s s  n a t i o n a l  p r o d u c t .  F o r  t h e  p u r p o s e  o f  
d e f i n i n g  t h e  i n c r e m e n t  o f  t h e  f o r e s t  s e c t o r  t o  t h e  GNP w e  c o n s i -  
der t h e  sector a s  a  " p r o f i t  c e n t e r "  where  no wage i s  p a i d  t o  t h e  
employees  w i t h i n  t h e  s e c t o r ,  where no p r i c e  i s  p a i d  f o r  raw 
m a t e r i a l  o r i g i n a t i n g  f rom t h i s  s e c t o r ,  and  where  no t a x e s  e x i s t .  
The i n c r e m e n t  t o  t h e  GNP i s  t h e n t h e p r o f i t  f o r  s u c h  a  c e n t e r .  
W e  w i l l  now make a  p r e c i s e  s t a t e m e n t  o f  s u c h  a  p r o f i t  which may 
a l s o  be viewed as t h e  v a l u e d  added  i n  t h e  f o r e s t  sector. 
L e t  P' ( t )  be a  p r i c e  v e c t o r  s o  t h a t  P' ( t ) e ( t )  i s  t h e  t o t a l  
r evenue  f rom s e l l i n g  wood p r o d u c t s  o u t s i d e  t h e  f o r e s t  sector. 
L e t  C ' ( t )  be t h e  v e c t o r  o f  di rec t  p r o d u c t i o n  u n i t  c o s t s  ex-  
c l u d i n g  d i r e c t  l a b o r  cost  and c o s t  o f  r a w  material which o r i g i -  
n a t e s  f rom t h e  f o r e s t  s e c t o r .  L e t  k ( t )  and g ( t )  be v e c t o r s  o f  
u n i t  c o s t  o f  p l a n t i n g  a n d  h a r v e s t i n g  a c t i v i t i e s ,  r e s p e c t i v e l y ,  
e x c l u d i n g  l a b o r  c o s t s .  F o r  s i m p l i c i t y ,  w e  may assume t h a t  t h e s e  
l a t t e r  two cost  components  i n c l u d e  b o t h  o p e r a t i n g  and  c a p i t a l  
c o s t  f o r  mach ine ry .  The d i r e c t  o p e r a t i n g  c o s t s  ( e x c l u d i n g  wages 
and  wood b a s e d  r a w  m a t e r i a l )  i s  t h e n  g i v e n ,  f o r  p e r i o d  t ,  by 
C '  ( t ) x ( t )  + f i ( t ) u + ( t )  + g ( t ) u - ( t ) .  A l s o  t h e  i m p o r t  and e x p o r t  
o f  wood b a s e d  r a w  m a t e r i a l  i n £  l u e n c e  t h e  GNP. L e t  ( t )  and ( t )  
be p r i c e  v e c t o r s  f o r  i m p o r t e d  and e x p o r t e d  wood raw material ,  
r e s p e c t i v e l y ,  and  l e t  M '  ( t )  be  t h e  p r i c e  v e c t o r  o f  i m p o r t e d  
wood b a s e d  p r o d u c t s  ( t o  be u s e d  as raw mater ia l ) .  Thus ,  t h e  
f o l l o w i n g  t e r m  s h o u l d  b e  added  t o  t h e  GNP o f  p e r i o d  t: 
i(t) z- ( t )  - B (t)  z + ( t )  - M '  ( t ) m ( t )  . The i n f l u e n c e  o f  t h e  change  
i n  t h e  wood i n v e n t o r y  may b e  n e g l e c t e d  i n  o u r  model.  F o r  t h e  
f i x e d  c o s t s  a l l  e x c e p t  t h e  l a b o r  c o s t s  w i l l  be t a k e n  i n t o  a c c o u n t .  
L e t  F 1 ( t )  be  t h e  v e c t o r  o f  s u c h  c o s t s  p e r  u n i t  o f  p r o d u c t i o n  
c a p a c i t y ,  l e t  6 ' ( t )  be  t h e  v e c t o r  o f  d e p r e c i a t i o n  f a c t o r s ,  and 
e '  ( t)  t h e  v e c t o r  o f  i n t e r e s t  rates ( f o r  v a r i o u s  f i n a n c i a l  u n i t s ) .  
Then t h e  n e g a t i v e  i n c r e m e n t  o f  t h e  f i x e d  c o s t s ,  d e p r e c i a t i o n  
and i n t e r e s t  t o  t h e  GNP i s  g i v e n  by F t ( t ) q ( t )  + G 1 ( t ) q ( t )  + 
+ E ' ( t )  R ( t )  . Summing up ,  t h e  i n c r e m e n t  o f  t h e  f o r e s t  s e c t o r  
t o  t h e  GNP o f  p e r i o d  t i s  g i v e n  by t h e  f o l l o w i n g  e x p r e s s i o n :  
+ ; ( t)  2 - ( t )  - M '  ( t ) m ( t )  - F 1 ( t ) q ( t )  - 6 ' ( t ) s ( t )  - E '  ( t ) e ( t ) .  
I n c r e m e n t  t o  b a l a n c e  o f  payments .  The i n c r e m e n t  o f  t h e  
f o r e s t  s e c t o r  t o  t h e  b a l a n c e  o f  payments  h a s  a  s imi la r  e x p r e s s i o n  
t o  t h e  one  above  f o r  t h e  GNP. The c h a n g e s  t o  be  made i n  t h i s  
e x p r e s s i o n  are, f i r s t ,  t o  m u l t i p l y  t h e  components  of  t h e  p r i c e  
v e c t o r  P t ( t )  by t h e  s h a r e  o f  e x p o r t s  i n  t h e  t o t a l  sales e ( t ) ;  
s e c o n d ,  t o  m u l t i p l y  t h e  components  of  t h e  c o s t  v e c t o r s  C 1 ( t ) ,  
w G ( t ) ,  R ( t )  , and F '  ( t )  by t h e  s h a r e  o f  i m p o r t e d  i n p u t s  i n  e a c h  
c o s t  t e r m ;  t h i r d ,  t o  m u l t i p l y  e a c h  component o f  E '  ( t )  by t h e  
s h a r e  o f  f o r e i g n  d e b t s  (among a l l  l ong- t e rm d e b t s )  o f  t h e  f i -  
n a n c i a l  u n i t ;  and  f i n a l l y ,  t o  r e p l a c e  t h e  d e p r e c i a t i o n  f u n c t i o n  
6 '  ( t ) q ( t )  by i n v e s t m e n t  e x p e n d i t u r e s  K ' (t)  v ( t )  , where ' ( t)  
i s  a v e c t o r  e x p r e s s i n g  i n v e s t m e n t s  i n  i m p o r t e d  goods  ( p e r  u n i t  
o f  p r o d u c t i o n  c a p a c i t y ) .  
Employment. T o t a l  employment ( i n  man-years  p e r  p e r i o d )  f o r  
e a c h  t i m e  p e r i o d  t f o r  d i f f e r e n t  t y p e s  o f  l a b o r ,  i n  d i f f e r e n t  
a c t i v i t i e s  and  r e g i o n s ,  h a s  a l r e a d y  been e x p r e s s e d  i n  t h e  l e f t  
hand side expressions of inequalities (3) and (12). The expres- 
sion for forestry is given by (part of the component of) the 
vector ~+(t) u+(t) + R- (t) u- (t) and for the industry by the vec- 
tor g(t)x(t). 
Wage income. For each group of the work force, the wage 
income for period t is obtained by multiplying the expressions 
for employment above by the annual salary of each such group. 
Stumpage earnings. Besides the wage income for forestry 
(which we already defined above), and an aggregate profit (as 
expressed in (6)), one may account for the stumpage earnings; 
i.e., the income related to the wood price prior to harvesting 
the tree. Such income is readily obtained by the timber assort- 
ments if the components of the harvesting yield vector y(t) are 
multiplied by the respectjve wood prices. 
4.2 The Integrated Model 
We will now summarize the integrated forestry-industry model 
in the canonical form of dynamic linear programming (Propoi and 
Krivonozhko 1978). Denote by X(t) the vector of all state vari- 
ables (defined above) at the beginning of period t. Its compo- 
nents include the trees in the forest, different types of 
production capacity in the industry, wood inventories, exter- 
nal financing, etc. Let Y(t) be the nonnegative vector of 
all controls for period t, that is, the vector of all decision 
variables, such as levels of harvesting or production activities. 
h 
An upper bound vector for Y (t) is denoted by Y (t) (some of whose 
components may be infinite). We assume that the objective func- 
tion to be maximized is a linear function of the state vectors 
X(t) and the control vectors Y (t) , and we denote by y (t) and 
X(t) the coefficient vectors for X(t) and Y (t) , respectively, 
for such an objective function. This function may be, for 
instance, a linear combination of the objectives defined above. 
0 The initial state X(0) is denoted by X , and the terminal re- 
* 
quirement for X(T) by X . Let r(t) and A(t) be the coefficient 
matrices for X (t) and Y (t) , respectively, and let 6 (t) be the 
exogenous right hand side vector in the state equation for X(t). 
L e t  4 ( t )  , R (t)  , and q ( t )  b e  t h e  c o r r e s p o n d i n g  m a t r i c e s  and t h e  
r i g h t  hand s i d e  v e c t o r  f o r  t h e  c o n s t r a i n t s .  Then t h e  i n t e g r a t e d  
model c a n  be  s t a t e d  i n  t h e  c a n o n i c a l  form o f  DLP a s  f o l l o w s :  
f i n d  Y ( t ) ,  f o r  0 - < t < T-1, and X ( t ) ,  f o r  1  < t < T I  t o  
- - - 
T- 1  
maximize 1 ( y ( t ) X ( t ) + X ( t ) Y ( t ) )  + y ( T ) X ' ( T )  , 
t = O  
s u b j e c t  t o  
f o r  0  < t < T-1 , 
- - 
o - < ~ ( t )  , o - < ~ ( t )  - < G ( t )  , f o r  a l l  t , 
w i t h  t h e  i n i t i a l  s t a t e  
and  w i t h  t e r m i n a l  r e q u i r e m e n t  
n 
The n o t a t i o n  = f o r  t h e  c o n s t r a i n t s  and t e r m i n a l  r e q u i r e m e n t  
r e f e r s  e i t h e r  t o  = I  t o  < o r  t o  > , s e p a r a t e l y  f o r  e a c h  c o n s t r a i n t .  
- - 
The c o e f f i c i e n t  m a t r i x  ( c o r r e s p o n d i n g  t o  v a r i a b l e s  X ( t )  , Y ( t )  ,
and  X ( t + l ) )  and  t h e  r i g h t  hand s i d e  v e c t o r  o f  t h e  i n t e g r a t e d  
f o r e s t r y - i n d u s t r y  submodel o f  p e r i o d  t a r e  g i v e n  a s  
r e s p e c t i v e l y .  T h e i r  s t r u c t u r e  h a s  been  i l l u s t r a t e d  i n  F i g u r e  1  
u s i n g  t h e  n o t a t i o n  i n t r o d u c e d  i n  S e c t i o n s  2 and 3 .  

5. APPLICATION TO THE FINNISH FOREST SECTOR 
5.1 Implementation 
Two versions of the integrated model were implemented for 
the SESAME system (Orchard-Hays 1978) (a large interactive mathe- 
matical programming system designed for an IBM/370 and operating 
under VM/CMS). The model generators are written using SESAME'S 
data management extension, called DATAMAT. An actual model is 
specified by the data tableaux of the generator programs. 
Our two versions have been designed for the Finnish forest 
sector. Both of them may have at most ten time periods each of 
which is a five year interval. In each case, the country is 
considered as a single region. The main differences between 
our small and large version are in the number of products, 
financial units, and the tree species considered in the forest. 
Table 1 shows the dimensions of the two models. 
For the small version, the seven product groups in consider- 
ation are sawn goods, panels, further processed mechanical wood 
products, mechanical pulp, chemical pulp, paper and board, and 
converted paper products. For each group we consider a separate 
type of production capacity and labor force. In this small 
version, we have aggregated all production into one financial 
unit. Only one type of tree represents all tree species in the 
forests. The trees are classified into 21 age groups. Thus, 
the interval being five years, the oldest group contains trees 
older than 100 years. Two harvesting activities were made avail- 
able: thinning and final harvesting. The main timber assort- 
ments in consideration are log and pulpwood. 
The larger version has the following 17 product groups: 
sawn goods, plywood, particle board, fiberboard, three types of 
further processed mechanical products, mechanical pulp, Si-pulp, 
Sa-pulp, newsprint, printing and writing paper, other papers, 
paperboard, and three types of converted paper products. Again 
for each such group we have a separate type of production capacity 
as well as labor force. The production is aggregated into seven 
Table 1. Characteristic dimensions of the small and the large 
versions of the Finnish forest sector model. 
Small Large 
version version 
Number of time periods * 10 10 
* Length of one period in years 5 5 
Number of regions 1 1 
Number of tree species 
Number of age groups for trees* 
Harvesting activities* 
Soil types 
Harvesting and planting resources 
Timber assortments 
Production activities 
Types of labor in the industry 
Types of production capacity 
Number of financial units 
NumSer of rows in a ten period LP 520  2320  
Number of columns in a ten period LP 6 1 2  31 88 
* 
The value may be specified arbitrarily by the model data. The 
numbers show the actual values being used. 
financial units: saw mills, panels production (plywood, particle 
board, and fiberboard), further processing of primary mechanical 
wood products, mechanical pulp mills, chemical pulp mills, paper 
and board mills, and production of converted paper goods. 
Three species of trees appear in the larger version: pine, 
spruce, and birch. For each of these we apply the same 21 age 
groups as in the small version. The two harvesting activities 
(thinning and terminal harvesting) and the two main timber 
assortments (log and pulpwood) are now considered separately 
for each of the three tree species. 
The data for both of the versions of the Finnish model was 
provided by the Finnish Forest Research Institute. It is par- 
tially based on the official forest statistics (Yearbook of 
Forest Statistics 1977/1978) published by the same institute. 
Validation runs (which eventually resulted in our current formu- 
lation) were carried out by contrasting the model solutions 
with the experience gained in the preceeding simulation study 
of the Finnish forest sector by Seppala, Kuuluvainen and Seppala 
(forthcoming) . 
5.2 Numerical Exan~ples 
For illustrative purposes we will now describe a few test 
runs: two with the small version and one with the larger one. 
Most of the data being used in these experiments corresponds 
approximately to the Finnish forest sector. This is the case, 
for instance, with the initial state; i.e., trees in the forests, 
different types of production capacity, etc. Somewhat hypo- 
thetical scenarios have been used for certain key quantities, 
such as final demand, and price and cost development. Thus, 
the results obtained do not necessarily reflect reality. They 
have been presented only to illustrate a few possible uses of 
the model. 
For each test run a ten (five year) period model was con- 
structed. Labor constraints both for indsutry and for forestry 
were temporarily relaxed. At this stage, no further processing 
activity for mechanical wood products but one activity for 
converted paper products was considered. Both wood import and 
export were excluded, and pulp import to be used for paper pro- 
duction was allowed only in the larger version of the model. 
The assumed demand of wood products is given in Table 2. At 
the end of the planning horizon, we require that in each age 
group there is at least 80 percent of the number of trees ini- 
tially in those groups. For production capacity a similar 
terminal requirement is 50 percent. Initial production capacity 
is given in Table 3  and the initial age distribution of trees 
in Figure 8 below. 
For the first run the discounted sum of industrial profits 
(after tax) was chosen as an objective function. Such an ob- 
jective may reflect the industry's behavior given the cost 
structure, price development, and other parameters. The results 
have been illustrated in Figures 2  through 7. The mechanical 
processing activities are limited almost exclusively by the 
assumed demand of sawn goods and panels. The same is true for 
converted paper products. However, both mechanical and chemical 
pulp produced is almost entirely used in paper mills, and there- 
fore, the potential demand for export has not been exploited. 
Neither have the possibilities for exporting paper been used 
fully. As shown in Figure 5, paper export is declining sharply 
from the level of 5 million ton/year, approaching zero towards 
the end of the planning horizon. This is due to the stongly 
increasing production of converted paper products. The corre- 
sponding structural change of the production capacity of the 
forest industry over the 30 year period from 1980  to 2 0 1 0  is 
given in Table 3. (The sudden decrease in production of panels 
and converted paper products is a "planning horizon effect" 
which often appears in dynamic LP solutions. Usually it is due 
to inappropriate accounting for the future in terminal conditions. 
For instance, in our case only a reasonable state was required 
at the end of the planning horizon, while an optimal stationary 
state might have been more appropriate.) 
T a b l e  2 .  Assumed a n n u a l  demand o f  wood p r o d u c t s  i n  Runs 1  - 3.  
P e r i o d  Sawn P a n e l s  Mech. Chem. P a p e r  and  C o n v e r t e d  
wogd P U ~ P  P U ~ P  b o a r d  p a p e r  p r o d .  
Mm /Y Mm3/y Mton/y Mton/y Mton/y Mton/y 
T a b l e  3 .  P r o d u c t i o n  c a p a c i t y  i n i t i a l l y  and  i n  2010 a c c o r d i n g  
t o  Runs 1  - 3. 
P r o d u c t  
P r o d u c t i o n  c a p a c i t y  
Year 2010 
I n i t i a l  U n i t  
Run 1  Run 2  Run 3 
Sawn wood 
P a n e l s  
Mechan ica l  p u l p  2 .2  1 . 9  2 .2  0 . 5  M t o n / y e a r  
Chemica l  p u l p  4.0 4 .3  5 .8  5 .0  M t o n / y e a r  
P a p e r  ( a n d  b o a r d )  6 .2  6 . 2  7 . 3  8 .7  M t o n / y e a r  
C o n v e r t e d  p a p e r  
a n d  b o a r d  p r o d u c t s  
Panels 
1980 2000 2020 year 
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mill. 
rn 
3 
6- 
4- 
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Sawn goods 
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Figure  2. Annual p r o d u c t i o n  of sawn wood and p a n e l s  ( i n  m i l l i o n s  
3 
of m oer year). 
mill. 
t o n  8-1 Chemical  P U ~ P  
mill. 
Mechanical pulp 
F i g u r e  3. Annual p r o d u c t i o n  of p u l p  ( i n  m i l l i o n s  of ton p e r  year). 
mill, 
ton 
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Figure 4. Annual p m d u c t i o n  of Daper and  conver ted  pape r  p roduc t s  
( i n  m i l l i o n s  o f  t o n  p e r  p a r )  
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R u e :  X - - - - r  
1980 2000 2020 year 
F i g u r e  5. Paper export ( i n  millions o f  t o n  per year)  
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Figure 6. I n d u s t r i a l  omfi t  ( i n  m i l l i o n s  o f  d o l l a r s  per year). 
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Figure 7. Industr ia l  use o f  round wood ( i n  m i l l i o n s  of rn3 par  per). 
The u s e  of  wood h a s  been shown i n  F i g u r e  7 .  A t  t h e  be- 
g i n n i n g  t h e  i n d u s t r i a l  u s e  o f  wood i n c r e a s e s  from a b o u t  40 
3 3 m i l l i o n  m / y e a r  t o  t h e  l e v e l  o f  45 m i l l i o n  m / y e a r  and s t a y s  
r a t h e r  s t e a d i l y  t h e r e .  According t o  F i g u r e  6 ,  t h e  i n d u s t r i a l  
p r o f i t  i n c r e a s e s  from t h e  a n n u a l  l e v e l  o f  . 2  b i l l i o n  d o l l a r s  
towards  t h e  end o f  t h e  p l a n n i n g  h o r i z o n  t o  around . 5  b i l l i o n  
d o l l a r s  p e r  y e a r .  
For  t h e  s e c o n d r u n  w e  have  chosen t h e  d i s c o u n t e d  sum o f  t h e  
inc rements  of  t h e  f o r e s t  s e c t o r  t o  g r o s s n a t i o n a l p r o d u c t  a s  an 
o b j e c t i v e  f u n c t i o n .  The r e s u l t s  have been i l l u s t r a t e d  u s i n g  
d o t t e d  l i n e s  i n  t h e  same F i g u r e s  2 t h r o u g h  7 .  
Compared w i t h  t h e  p r e v i o u s  c a s e ,  t h e r e  i s  no s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  p r o d u c t i o n  o f  sawn goods ,  p a n e l s  and c o n v e r t e d  
paper  p r o d u c t s  f o r  which e x p o r t  demand a g a i n  l i m i t s  t h e  produc- 
t i o n .  However, t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  i n  p u l p  and 
p a p e r  p r o d u c t i o n .  P u l p  ( b o t h  mechanica l  and c h e m i c a l )  i s  now 
produced t o  s a t i s f y  f u l l y  t h e  demand f o r  e x p o r t .  Paper  produc- 
t i o n  i s  now s t e a d i l y  i n c r e a s i n g  from 5 m i l l i o n  t o n / y e a r  t o  n e a r l y  
9  m i l l i o n  t o n / y e a r .  Paper  e x p o r t  i s  s t i l l  d e c l i n i n g  a g a i n  due  
t o  i n c r e a s i n g  u s e  f o r  t h e  c o n v e r t i n g  p r o c e s s e s  o f  p a p e r  p r o d u c t s .  
T h e r e f o r e ,  t h e  e x p o r t  demand f o r  p a p e r  i s  n o t  f u l l y  e x p l o i t e d .  
The b o t t l e n e c k  f o r  p a p e r  p r o d u c t i o n  now i s  t h e  b i o l o g i c a l  
c a p a c i t y  o f  t h e  f o r e s t s  t o  s u p p l y  wood. The u s e  o f  round wood 
3 i n c r e a s e s  from a b o u t  40 m i l l i o n  m / y e a r  t o  t h e  l e v e l  o f  65 
3 
m i l l i o n  m / y e a r .  The i n c r e a s e  i n  t h e  y i e l d  o f  t h e  f o r e s t s  may 
be e x p l a i n e d  by t h e  change i n  t h e  a g e  s t r u c t u r e  o f  t h e  f o r e s t s  
d u r i n g  t h e  p l a n n i n g  h o r i z o n .  Such change o v e r  t h e  p e r i o d  1980- 
2010 h a s  been i l l u s t r a t e d  i n  F i g u r e  8 .  
W e  n o t i c e  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  wood u s e  between 
t h e s e  f i r s t  two r u n s .  W e  may conc lude  t h a t  i n  t h e  f i r s t  r u n  
( t h e  p r o f i t  max imiza t ion)  t h e  n a t i o n a l  wood r e s o u r c e s  a r e  b e i n g  
used  i n  an  i n e f f i c i e n t  way; i . e . ,  under  t h e  assumed p r i c e  and 
c o s t  s t r u c t u r e  t h e  poor  p r o f i t a b i l i t y  o f  t h e  f o r e s t  i n d u s t r y  
r e s u l t s  i n  a n  i n v e s t m e n t  b e h a v i o r  which d o e s  n o t  make f u l l  u s e  
o f  t h e  f o r e s t  r e s o u r c e s .  
F i g u r e  8. Age d i s t r i b u t i o n  o f  trees i n  1980 and i n  2010 a c c o r d i n g  t o  Run2. 
The third run is the same as the first one except that the 
larger version of the model was used and pulp import was allowed 
to be used in paper mills. The production of sawn goods and con- 
verted paper products, as described by broken lines in Figure 2, 
still meet the export demand. However, panel production is 
declining and it fallswell below the level of the previous runs. 
The reason is that panel production is now considered as a sepa- 
rate financial unit which cannot afford to keep up its production 
capacity. Thus, an increase in panels production appears to be 
possible only if it is supported from other product lines. 
Similarly, the use of spruce for mechanical pulp appears unprofit- 
able so that its production is declining. Production of Si-pulp 
(for which spruce pulpwood is used) grows steadily from 5  million 
ton/year to about 10 million ton/year. No spruce is used for 
Sa-pulp but both the use of pine and birch for Sa-pulp increase 
over time so that the total production of chemical pulp increases 
from about 3 . 5  million ton/year to the level of 7 million ton/ 
year during the planning horizon. Thus chemical pulp production 
somewhat exceeds the amount produced in the first run. 
Paper production in this third run exceeds the level ob- 
tained in both previous runs. The reason is that imported 
pulp is now allowed to be used in paper mills. (Note that in 
the second run, the raw wood supply was the limiting factor for 
paper production.) As a consequence, total paper production 
increased from 5  million ton/year to above 1 1  million ton/year. 
The share of newsprint is about one fifth and the share of 
printing paper one quarter. Only paperboard production appears 
to decline. 
From the production curves of the primary uses of wood, 
i.e., sawn goods, panels and pulp, we may conclude (comparing 
with the second run) that wood resources are again being used 
inefficiently. It appears that, under the assumed price and 
cost structure, fiber (pulp in particular) import to be used 
as raw material in paper mills is more profitable than the use 
of domestic wood raw material. 
6. SULYMARY AND POSSIBLE FURTHER RESEARCH 
We have formulated a dynamic linear programming model of 
a forest sector. Such a model may be used for studying long- 
range development alternatives of forestry and forest based 
industries at a national and regional level. Our model comprises 
of two subsystems, the forestry and industrial subsystem, which 
are linked to each other through the raw wood supply from forest- 
ry to the industries. We may also single out static temporal 
submodels of forestry and industries for each interval (e.g., 
for each five year period) considered for the planning horizon. 
The dynamic model then comprises of these static submodels 
which are coupled with each other through inventory-type of 
variables; i.e., through state variables. 
The forestry submodel describes the development of the 
volume and the age distribution of different tree species within 
the nation or its subregions. Among others, we account for the 
land available for timber production and the labor available 
for harvesting and planting activities. Also ecological con- 
straints, such as preserving land as a watershed may be taken 
into account. 
In the industrial submodel we consider various production 
activities, such as saw milling, panel production, pulp and paper 
milling, as well as further processing of primary products. For 
a single product, alternative production activities employing, 
for instance, different technologies, may be included. Thus, the 
production process is described by a small Leontief model with 
substitution. For the end product demand an exogenously given 
upper limit is assumed. Some products, such as pulp, may also 
be imported into the forest sector for further processing. Be- 
sides biological supply of wood and demand for wood based pro- 
ducts, production is restricted through labor availability, pro- 
duction capacity, and financial resources. Availability of 
different types of labor (by region) is assumed to be given. 
The development of different types of production capacity depends 
on the initial situation in the country and on the investments 
which are endogeneous decisions in the model. The production 
activities are grouped into financial units to which the respec- 
tive production capacities belong. The investments are made 
within the financial resources of such units. External financing 
is made available to each unit up to a limit which is Zetermined 
~y the realization value of that unit. Income tax is assumed 
proportional to the net income of each financial unit. 
The structure of the integrated forestry-forest industry 
model is given in the canonical form of dynamic linear programs 
for which special solution techniques may be employed. (See, 
for instance, Kallio and Orchard-Hays 1979, Propoi and Krivonozhko 
1978). Objectives related to gross national product, employment 
and profit for industry as well as for forestry have been formu- 
lated. Terminal conditions (i.e., values for the state variables 
at the end of the planning horizon) have been proposed to be 
determined through an optimal solution of a stationary model 
for the forest sector. 
Two verisons of the Finnish forest sector model have been 
implemented for the interactive mathematical programming system 
called SESAME (Orchard-Hays 1978). Both versions are ten period 
models with each period five years in length. In neither case 
has the country been divided into subregions. The main differ- 
ence between these versions are in the number of production 
activities and in the number of financial units. No distinction 
has been made between the tree species in the smaller version 
whereas pine, spruce, and birch are considered explicitly in 
the larger one. The complete model amounts to 520  rows and 612  
columns in the smaller case, and to 2320 rows and 3188 columns 
for the larger model. 
A few numerical runs have been presented to illustrate 
possible use of the model. Both the discounted industrial 
profit and the discounted increment to the GNP were used as 
objective functions. The results obtained illustrate a case 
where the internal wood price and wage structure results in 
a rather poor profitability for the forest industries. This 
in turn amounts to an investment behavior which provides insuf- 
ficient capacity for making full use of the wood resources. 
However, b e c a u s e  o f  somewhat h y p o t h e t i c a l  d a t a  u s e d  f o r  some 
key p a r a m e t e r s ,  n o  c o n c l u s i o n s  b a s e d  on  t h e s e  r u n s  s h o u l d  b e  
made on t h e  F i n n i s h  c a s e .  
The p u r p o s e  o f  t h i s  work h a s  b e e n  t h e  f o r m u l a t i o n ,  imple-  
m e n t a t i o n  and  v a l i d a t i o n  of  t h e  F i n n i s h  f o r e s t  s e c t o r  model .  
N a t u r a l  c o n t i n u a t i o n  o f  t h i s  r e s e a r c h  i s  t o  u s e  t h e  model  f o r  
s t u d y i n g  some i m p o r t a n t  a s p e c t s  i n  t h e  f o r e s t  s e c t o r .  F o r  i n -  
s t a n c e ,  t h e  i n f l u e n c e  o f  a l t e r n a t i v e  s c e n a r i o s  o f  t h e  e n e r g y  
p r i c e  and t h e  w o r l d  m a r k e t  p r i c e s  f o r  wood p r o d u c t s  would be  of  
i n t e r e s t .  F u r t h e r m o r e ,  t h e  s t u d i e s  c o u l d  c o n c e n t r a t e  o n  employ- 
ment and  wage r a t e  q u e s t i o n s ,  o n  l a b o r  a v a i l a b i l i t y  r e s t r i c t i o n s  
a n d  p r o d u c t i v i t y ,  o n  new t e c h n o l o g y  f o r  h a r v e s t i n g  and  wood 
p r o c e s s i n g ,  o n  t h e  i n f l u e n c e  o f  i n f l a t i o n  and  a l t e r n a t i v e  t a x -  
a t i o n  schemes,  o n  l a n d  u s e  between f o r e s t r y  and  a g r i c u l t u r e ,  
on s i t e  improvement ,  on  e c o l o g i c a l  c o n s t r a i n t s ,  on  t h e  u s e  o f  
wood a s  a  s o u r c e  o f  e n e r g y ,  e tc .  Given  t h e  r e q u i r e d  d a t a ,  s u c h  
s t u d i e s  c a n  be  c a r r i e d  o u t  r e l a t i v e l y  e a s i l y .  
F u r t h e r  r e s e a r c h  r e q u i r i n g  a  l a r g e r  mode l ing  e f f o r t  may con- 
c e n t r a t e  on  r e g i o n a l  economic a s p e c t s ,  o n  l i n k i n g  t h e  f o r e s t  
s e c t o r  model  f o r  c o n s i s t e n c y  t o  t h e  n a t i o n a l  economic model ,  and  
o n  s t u d y i n g  t h e  i n h e r e n t  g r o u p  d e c i s i o n  problem f o r  c o n t r o l l i n g  
t h e  deve lopment  o f  t h e  f o r e s t  s e c t o r .  The f i r s t  o f  t h e s e  t h r e e  
t o p i c s  r e q u i r e s  a  c o m p l e t e  r e v i s i o n  o f  o u r  model g e n e r a t i n g  p ro -  
gram and ,  o f  c o u r s e ,  t h e  r e g i o n a l i z e d  d a t a .  The s e c o n d  t a s k  
may b e  c a r r i e d  o u t  e i t h e r  by b u i l d i n g  i n  t h e  model a  s i m p l e  i n p u t -  
o u t p u t  model f o r  t h e  whole  economy where t h e  n o n - f o r e s t  s e c t o r s  
a r e  a g g r e g a t e d  up  t o  t e n  s e c t o r s .  A l t e r n a t i v e l y ,  o u r  c u r r e n t  
model may be  l i n k e d  f o r  c o n s i s t e n c y  t o  a n  e x i s t i n g  n a t i o n a l  
economic model .  The g r o u p  d e c i s i o ~  p rob lem h a s  been  p r o p o s e d  
t o  b e  a n a l y z e d ,  f o r  i n s t a n c e ,  u s i n g  a  m u l t i c r i t e r i a  o p t i m i z a t i o n  
a p p r o a c h  ( K a l l i o ,  Lewandowski, and Orchard-Hays f o r t h c o m i n g )  
which i s  b a s e d  on  t h e  u s e  o f  r e f e r e n c e  p o i n t  o p t i m i z a t i o n  
( W i e r z b i c k i  1979)  . 
APPENDIX: NOTATION 
I n d i c e s  
a g e  g roup  o f  t r e e s  ( r a n g e  1 ,  ..., N )  
t y p e  of  f o r e s t  l a n d  
t y p e  of  r e s o u r c e  f o r  f o r e s t r y  a c t i v i t i e s  
h a r v e s t i n g  a c t i v i t y  
p r o d u c t i o n  a c t i v i t y  ( o f  t h e  f o r e s t  i n d u s t r i e s )  
i n d u s t r i a l  p r o d u c t  
t i m b e r  a s s o r t m e n t  
p l a n t i n g  a c t i v i t y  
t r e e  s p e c i e s  
t i m e  p e r i o d  ( r a n g e  1 , .  . . , T )  
S t a t e  and c o n t r o l  v a r i a b l e s  
b  (t)  s t o c k h o l d e r s  e q u i t y  a t  t h e  b e g i n n i n g  o f  p e r i o d  t 
bO = b ( 0 )  i n i t i a l  l e v e l  o f  s t o c k h o l d e r s  e q u i t y  
c a s h  (and r e c e i v a b 1 e s ) a t  t h e  beg inn ing  of  
p e r i o d  t 
c" = c ( 0 )  i n i t i a l  amount of  c a s h  
c*  t e r m i n a l  r e q u i r e m e n t  f o r  c a s h  
e ( t )  = { e j  ( t )  1 e x p o r t  (and sales o u t s i d e  t h e  f o r e s t  s e c t o r )  of  
f o r e s t  p r o d u c t s  d u r i n g  p e r i o d  t 
beginning balance of external finan- 
cing for period t 
initial balance of external financing 
terminal requirement for external 
financing 
drawings of debt during period t 
repayments made during period t 
import of forest products during 
period t 
profits of period t 
(financial) losses of period t 
production capacity at the beginning 
of period t 
initial level of production capacity 
terminal requirement for production 
capacity 
fixed assets at the beginning of 
period t 
initial value of fixed assets 
terminal requirement for fixed assets 
timber assortments inventory at the 
beginning of period t 
initial level of timber assortments 
inventory 
terminal requirement for timber 
assortments inventory 
level of harvesting activities during 
period t 
level of harvesting in a stationary 
solution 
level of planting activities during 
period t 
level of planting in a stationary 
solution 
level of investments (in physical 
units) during t 
number of trees at the beginning of 
of period t 
initial number of trees 
terminal requirement for the number 
of trees 
number of trees in a stationary solu- 
tion 
Parameters 
l e v e l  of  p roduc t ion  a c t i v i t i e s  du r ing  per iod  t 
s t a t e  v e c t o r  a t  t h e  beginning of  pe r iod  t 
i n i t i a l  s t a t e  
requirement f o r  t e r m i n a l  s t a t e  
supply of t imber  assor tments  du r ing  per iod  t 
l e v e l  of c o n t r o l  a c t i v i t i e s  du r ing  pe r iod  t 
import  of  t imber  a s so r tmen t s  du r ing  pe r iod  t 
e x p o r t  of  t imber  assor tments  du r ing  per iod  t 
r a t i o  of  t r e e s  of s p e c i e s  s and i n  age group 
a  t h a t  w i l l  proceed t o  age group a '  dur ing  
pe r iod  t 
m a t r i c e s  of  c o e f f i c i e n t s  a:, ( t )  
d i scoun t ing  f a c t o r  
o b j e c t i v e  f u n c t i o n  c o e f f i c i e n t s  f o r  t h e  s t a t e  
v e c t o r  X ( t )  
c o e f f i c i e n t  ma t r ix  f o r  t h e  s t a t e  v e c t o r  X ( t )  
i n  t h e  s t a t e  equa t ion  
p h y s i c a l  d e p r e c i a t i o n  r a t e s  
f i n a n c i a l  d e p r e c i a t i o n  r a t e s  
age i n t e r v a l  i n  an age group of  t r e e s  ( e . g . ,  
f i v e  y e a r s )  
i n t e r e s t  r a t e s  f o r  e x t e r n a l  f i nanc ing  
r i g h t  hand s i d e  v e c t o r  of  c o n s t r a i n t s  f o r  
pe r iod  t 
c o e f f i c i e n t  ma t r ix  f o r  t h e  s t a t e  v e c t o r  X ( t )  
i n  c o n s t r a i n t s  f o r  pe r iod  t 
mat r ix  r e l a t i n g  p l a n t i n g  a c t i v i t i e s  t o  t h e  
i n c r e a s e  i n  t h e  number of t r e e s  
o b j e c t i v e  f u n c t i o n  c o e f f i c i e n t s  f o r  t h e  con- 
t r o l  v e c t o r  Y ( t )  
c o e f f i c i e n t  ma t r ix  f o r  t h e  c o n t r o l  v e c t o r  Y ( t )  
i n  t h e  s t a t e  equa t ion  
ma t r ix  r e l a t i n g  h a r v e s t i n g  a c t i v i t i e s  t o  t h e  
dec rease  i n  t h e  number of  t r e e s  
c o e f f i c i e n t  ma t r ix  f o r  t h e  c o n t r o l  v e c t o r  Y ( t )  
i n  c o n s t r a i n t s  f o r  pe r iod  t 
l a b o r  requirement  f o r  d i f f e r e n t  p roduc t ion  
a c t i v i t i e s  
t a x  f a c t o r s  f o r  t h e  i n d u s t r i e s  du r ing  pe r iod  t 
upper limit to external financing as a 
percentage of total assets less short term 
liabilities 
right hand side vector for the state equation 
of period t 
input-output matrix for the forest industries 
stock issued during period t 
direct unit production costs 
exogeneously given costs 
upper bound on demand of forest products 
fixed costs (per unit of production capacity) 
land requirement of the species in various 
age groups 
land available for forests 
identity matrix 
objective function coefficients for harvesting 
activities (an example) 
objective function coefficients for planting 
activities (an example) 
investment costs per capacity unit 
labor available for forest industries 
upper limit on import of forest products 
number of agegroupsfor trees 
prices of forest products 
matrix of capacity requirements for production 
activities 
resources available for forestry activities 
resource usage of planting activities 
resource usage of harvesting activities 
matrix transforming the trees harvested into 
volumes of timber assortments 
number of time periods 
usage of timber assortments by various pro- 
duction activities 
Barros, O., and A. Weintraub (1 979) Planning for Vertically 
Integrated Forest Industry. Presented at Tenth Inter- 
national Symposium on Nathematical Programming, Xontreal. 
Dantzig, G. (1963) Linear Programming and Extensions. Princeton, 
N.J.: Princeton Univ. Press. 
Dantziy, G. (1974) Determining Optimal Policies for Ecosystems. 
Technical Report 74-11. Stanford, California: Department 
of Operations Research, Stanford University. 
Jackson, B. (1974) Forest Products in the United Kingdom Economy. 
Ph.D. thesis, Ijepartn~ent of Forestry, Oxford University. 
jegr, K-, E* Hiller, and K. Thompson (1978) PAPRISIM 1 - k 
Dynamic ~40del of the Canadian Pulp and Paper Industry. 
Pointe Clair, P.Q.: Pulp and Paper Research Institute 
of Canada. 
Kallio, M., W. Orchard-Hays, and A. Propoi (1973) Linking of 
Opti~nization i-lodels. LJP-79-83. Laxenburg, Austria: 
International Institute for Applied Systems Analysis. 
Kallio, M. , and i4. Orchard-Hays ( 1979) Experiments with the 
Reduced Gradient Xehtod for Linear Programming. WP-79-84. 
Laxenburg, Austria: International Institute for Applied 
Systems Analysis. 
Kallio, M., A. Lewandowski, and W. Orchard-Hays (1980) Applica- 
tion of a Multicriteria Optimization Xethod Using Reference 
Objectives. Laxenburg, Austria: International Institute 
for Applied Systems Analysis. Forthcoming. 
Kilkki, P., K. Kuusela, and :.I. Siltonen (1977) Timber production 
programs for the forestry board districts of southern 
Finland. Folia Forestalia 307, The Finnish Research 
Institute (in Finnish). 
Newnham, K. (1 975) LOGPLAN, A ~4odel for Planning Logging Opera- 
tions. Information Report FMR-77. Ottawa: Forest Manage- 
ment Institute, Canadian Forestry Service. 
Navon, Daniel I. (1 971 ) Timber RAM--A Long Range Planning Flethod 
for Commercial Timberlands Under i4ultiple-Use Management. 
USDA Forest Service Research Paper PSW-70. Berkeley, 
California: Pacific Southwest Forest and Range Experiment 
Station. 
Naslund, B. (1969) Optimal rotation and thinning. Forest Service 
15. 
Orchard-Hays, W. (1978) Anatomy of a mathematical programming 
system. Design and Implementation of Optimization Soft- 
ware, edited by H. Greenberg. Netherlands: Sijthoff and 
Noordhoff . 
Propoi, A., and V. Krivonozhko (1 978) The Simplex Method for 
Dynamic Linear Programs. RR-78-14. Laxenburg, Austria: 
International Institute for Applied Systems Analysis. 
Randers, J.(1976) A System Dynamic Study of the Transition From 
Ample to Scarce Wood Resources. Hanover, N.H.: Publications 
of Resource Policy Center, Dartmouth College. 
Rorres, C. (1978) A linear programing approach to the optimal 
sustainable harvesting of a forest. Journal of Environmental 
Management 6. 
Seppala, H., J. Kuuluvainen, and R. Seppala. The Finnish Forest 
Sector at the Turning Point .(in Finnish). Forthcoming. 
Steuer, 3. and A. Schuler (1 978) An interactive multiple-objective 
linear programming approach to a problem in forest manage- 
ment. Operations Research 26. 
Wardle, P. (1965) Forest management and operational research: 
a linear programming study. Management Science 1 1 .  
Ware, G., and J. Clutter (1977) A mathematical programming system 
for the management of industrial forests. Forest Science, 
17. 
Weintraub, A. , and D. Navon (1 976) A forest management planning 
model integrating silvicultural and transportation acti- 
vities. Management Science 22. 
Wierzbicki, A. (1 979) A i4ethodolcgical Guide to 14ultiobjective 
Optimization. WP-79-122. Laxenburg, Austria: International 
Institute for Applied Systems Analysis. 
Williams, D. (1976) Integrating Stand and Forest i40dels for 
Decision Analysis. Ph.D. thesis, Department of Forestry, 
University of British Columbia. 
Yearbook of Forest Statistics 1977/1978. Official Statistics 
of Finland XVII A:10, The Finnish Forest Research Institute. 
S T R U C T U R A L  CHANGE I N  T H E  F O R E S T  I N D U S T R Y :  
A FRAMEWORK O F  MODELS 
B6rj  e Johansson 
A )  
STRUCTURAL CHANGE I N  THE FOREST INDUSTRY: A FRAMEWORK OF MODELS 
B 6 r j e  Johansson 
Department o f  Economics 
U n i v e r s i t y  o f  Gothenburg 
1. INTRODUCTION 
I n  a  county  l i k e  Sweden t he  f o r e s t  i n d u s t r y  c o n s t i t u t e s  a  sec to r  which 
i s  ex t reme ly  o r i e n t e d  towards t he  wo r l d  market.  A t  t he  same t ime  t h i s  
i n d u s t r y  i s  c h a r a c t e r i z e d  by a  s e t  o f  bas i c  r i g i d i t i e s .  F i r s t l y , t h e  
supp ly  o f  i n p u t s  f rom the  f o r e s t y  sec to r  i s  determined by a  s low growth 
process i n  r e g i o n a l l y  concen t ra ted  areas. Secondly, t he  paper and p u l p  
sec to r ,  here  c a l l e d  "paper and paper p roduc ts  indus t ry " ,  i s  charac te -  
r i z e d  by a  h i g h  c a p i t a l  c o e f f i c i e n t  and t he  c a p i t a l  equipment has, i n  a  
h i s t o r i c a l  perspect ive,shown an e x t r a o r d i n a r y  long  d u r a b i l i t y .  T h i r d l y ,  
d i f f e r e n t  s e c t o r s  o f  t h e  f o r e s t  i n d u s t r y  a r e  h i g h l y  concen t ra ted  t o  a  
d i s t i n c t  s e t  o f  separated reg ions .  
I n  t h i s  paper a  s e t  o f  models a r e  suggested as a  fundamental b a s i s  f o r  
medium and long- te rm a n a l y s i s  o f  t h e  f o r e s t  i n d u s t r y .  An i n t r o d u c t a r y  
and d e t a i l e d  p r e s e n t a t i o n  i s  g i v e n  o f  a  v i n t a g e  model. Moreover, t he  
paper o u t l i n e s  d i f f e r e n t  ways t o  connect t h i s  model w i t h  dynamic i n p u t -  
o u t p u t  models, programming models, c a p i t a l  f o rma t i on  a n a l y s i s  and 
scena r i o -o r i en ted  f o recas t s .  The amb i t i on  o f  t he  paper i s  t o  p r o v i d e  
an overv iew o f  c e r t a i n  models which a re  planned t o  be u t i l i z e d  i n  a  
research p r o j e c t ,  f ocus ing  on t h e  f o r e s t  i n d u s t r y  f rom a  reg iona l  and 
i n t e r r e g i o n a l  pe rspec t i ve .  
;:) Th i s  paper summarizes a  p r e s e n t a t i o n  g i v e n  a t  l I A S A  i n  January 1980. 
Several  o f  t h e  ideas i n  t he  paper have sprung from d i scuss ions  w i t h  
A.  Andersson, I!. St ramqu is t  and H. Persson. 
2  A  FRAMEWORK FOR ANALYZING STRUCTURAL CHANGES IN THE FOREST 
l  NDUSTRY 
The expans ion  o f  t h e  f o r e s t  i n d u s t r y  i n  Sweden had i t s  t a k e  o f f  phase 
i n  t h e  second h a l f  o f  t h e  n i n e t e e n t h  c e n t u r y .  A low p r i c e  o n  t h e  raw 
m a t e r i a l  s u p p l i e d  by t h e  f o r e s t  s e c t o r  s t i m u l a t e d  t h e  g r o w t h  o f  t h e  
manu fac tu re  o f  paper  and paper p r o d u c t s .  D u r i n g  a  p e r i o d  o f  about 
100 y e a r s  t h e  p r o d u c t i o n  t e c h n i q u e  deve loped r e l a t i v e l y  s l o w l y ,  
smooth ly  f o l l o w i n g  t h e  expans ion o f  t h e  marke t .  The g rowth  o f  f o r e s t  
i n d u s t r y  p r o d u c t i o n  r e l i e d  on  t h e  a v a i l a b i l i t y  o f  cheap raw m a t e r i a l s .  
However, i n  t h e  l o n g - r u n  t h e  process c o u l d  n o t  a v o i d  " t h e  R i c a r d i a n  
law", w i t h  t h e  r e s u l t  t h a t  h a r v e s t i n g  now has been pushed f a r t h e r  and 
f a r t h e r  i n t o  l e s s  f a v o u r a b l e  f o r e s t  areas.  
The g r o w t h  o f  t h e  demand f o r  paper and p u l p  between 1860-1960 made 
i t  p o s s i b l e  f o r  t h e  i n d u s t r y  t o  g r a d u a l l y  combine t h e  i n t r o d u c t i o n  o f  
new p r o d u c t i o n  t e c h n i q u e s  w i t h  a  c a p a c i t y  expans ion.  T h i s  may be r e -  
garded as a  b a s i c  f e a t u r e  o f  a  v e r y  l o n g  non-d ramat i c  p e r i o d  o f  growth.  
At  t h e  end o f  t h e  1950s, t h e  f o r e s t  i n d u s t r y  o f  Sweden r a n  i n t o  a  
s i t u a t i o n  o f  excess demand f o r  rew m a t e r i a l s  w h i c h  b rough t  about  s t r u c t u r -  
a l  changes i n  t h e  c o m p e t i t i o n  c o n d i t i o n s  o f  t h e  f o r e s t  i n d u s t r y  i n  
Sweden as w e l l  as i n  t h e  o t h e r  N o r d i c  c o u n t r i e s .  
2.1 Recent Development Patterns i n  the 3 ~ e d i s h  Forest Industry 
Together  w i t h  i r o n  and s t e e l  p r o c u c t i o n  t h e  f o r e s t  i n d u s t r y  forms " t h e  
t r a d i t i o n a l  e x p o r t a t i o n  s e c t o r s "  o f  t h e  Swedish i n d u s t r y .  D u r i n g  t h e  
1950s more t h a n  h a l f  o f  t h e  t o t a l  v a l u e  o f  e x p o r t s  emerged f r o m  t h e s e  
s e c t o r s .  D u r i n g  t h e  m i d - s e v e n t i e s  t h i s  f i g u r e  had d e c l i n e d  t o  about 
one f o u r t h .  T h i s  d e c l i n e  was t h e  r e s u l t  o f  a  l ong- te rm change o f  t h e  
c o m p o s i t i o n  o f  t h e  Swedish i n d u s t r y .  The change o f  t h e  r e l a t i v e  p o s i -  
t i o n  o f  t h e  t r a d i t i o n a l  e x p o r t - s e c t o r s  i s  c o n t r a s t e d  by t h e  f a c t  t h a t  
t h e  p r o p o r t i o n  o f  t o t a l  i n d u s t r y  i nves tmen ts  g o i n g  t o  these  s e c t o r s  
has c o n t i n u e d  t o  be h i g h  t h r o u g h o u t  t h e  S i x t i e s  and Seven t ies .  
I t  has been suggested t h a t  a  s e r i e s  o f  p rosperous  years  f o r  t h e  f o r e s t  
i n d u s t r y  d u r i n g  t h e  F i f t i e s  and t h e  e a r l y  S i x t i e s  gave r i s e  t o  an 
inves tmen t  a c t i v i t y  w h i c h  c o n t i n u e d  i n  s p i t e  o f  a  d i s c o u r a g i n g  deve lop-  
ment o f  t h e  r e l a t i o n  between demand and t h e  c a p a c i t y  o f  the  f o r e s t y  
sec to r .  The investment  p a t t e r n  i s  i l l u s t r a t e d  i n  Table 1, which p ro -  
v i des  a  r a n k i n g  o f  c o u n t r i e s  w i t h  investment p r i o r i t i e s .  
Table 1 The p r o p o r t i o n  o f  t o t a l  i n d u s t r y  investment go ing  t o  
s e c t o r s  o f  f o r e s t  i n d u s t r y  , 1965- 1975. Percentage 
Wood and wood Paper and paper 
p roduc ts  p roduc ts  T o t a l  
F i n l a n d  8 2  3 3 1  
Sweden 8 17 25 
Canada 7 15 2  2  
Norway 7 8 15 
A u s t r i a  6 6 12 
USA 3 6 9  
On the  b a s i s  o f  a  thorough c l a s s i f i c a t i o n  (comparison) o f  t h e  i n d u s t r y  
sec to r s  i n  Sweden w i t h  regard  t o  the  v i n t a g e  s t r u c t u r e  and p r o f i t a b i l i t y  
o f  each s e c t o r  one may c h a r a c t e r i z e  t he  f o r e s t  i n d u s t r y  sec to r s  d u r i n g  
t h e  p e r i o d  between 1965-1977 i n  t he  f o l l o w i n g  way: 
The paper and paper p rocuc t  sec to r ,  which i nc l udes  the  p u l p  i n d u s t r y ,  
has h e l d  a  medium p r o f i t a b i l i t y  p o s i t i o n  w i t h  a  mixed v i n t a g e  s t r u c -  
t u re .  The s e c t o r  has had a  l a r g e  p r o p o r t i o n  o f  i t s  t o t a l  employment 
i n  es tab l i shments  i n  wh ich  t h e  gross p r o f i t  has been t o o  smal l  t o  
cover  f i x e d  c o s t s ;  f o r  a  l a r g e  number o f  these es tab l i shments  the  
g ross  p r o f i t  has, on an average, even been nega t i ve  d u r i n g  t he  
pe r i od .  
The wood and wood p roduc t  s e c t o r  has had a more favourab le  develop- 
ment. However, t h i s  s e c t o r  has a l s o  had a  r a t h e r  l a r g e  p r o p o r t i o n  
o f  i t s  employment i n  es tab l i shments  w i t h  low o r  nega t i ve  gross pro-  
f i t s .  But as opposed t o  t h e  paper and paper product  sec to r ,  t h i s  
s e c t o r  has, on an average, had a  h i g h  p r o f i t  l e v e l .  
Dur i ng  t h e  p e r i o d  between 1975-1977 t h e  v i n t a g e  s t r u c t u r e ,  o r  i n  o t h e r  
words, t he  obso lescence  p a t t e r n  o f  t h e  Swedish f o r e s t  i n d u s t r y  changed 
un favourab ly .  Only  a  sma l l  p a r t  o f  t h i s  change can be e x p l a i n e d  by t h e  
genera l  economic r e c e s s i o n  d u r i n g  these years .  The number o f  persons 
employed i n  o b s o l e t e  p a r t s  o f  t h e  f o r e s t  i n d u s t r y  inc reased  t o  a  l e v e l  
co r respond ing  t o  around 15-20 per  cen t  o f  t o t a l  employment i n  t he  
f o r e s t  i n d u s t r y .  A l t hough  t h i s  change occu r red  i n  b o t h  o f  t h e  f o r e s t  
i n d u s t r y  s e c t o r s  cons ide red  here ,  the  wood and wood p roduc t s  s e c t o r  
succeded n e v e r t h e l e s s  t o  r e t a i n  a  s i g n i f i c a n t  share o f  i t s  e s t a b l i s h -  
ments i n  a  h i g h  p r o f i t  p o s i t i o n .  The paper and paper p roduc t s  s e c t o r  
was l ess  f o r t u n a t e  i n  t h i s  r espec t ;  here o n l y  a  sma l l  p a r t  o f  t o t a l  
employment was a l l o c a t e d  t o  c o m p e t i t i v e  es tab l i shmen ts  a t  t h e  end o f  
t h e  pe r i od .  
A  s i g n i f i c a n t  f e a t u r e  o f  t h e  f o r e s t  i n d u s t r y  i s  t h a t  i t s  p resen t  p ro -  
blems a r e  c o n c e n t r a t e d  t o  c e r t a i n  s p e c i f i c  r eg ions  wh ich  makes t h e  
s t r u c t u r a l  change p rocess  n o t  o n l y  an i n d u s t r i a l  p o l i c y  concern,  b u t  
even more o f  a  r e g i o n a l  p o l i c y  problem. The methods and system o f  
models suggested i n  t h e  subsequent s e c t i o n s  a r e  designed t o  i n c o r p o r a t e  
r eg iona l  c h a r a c t e r i s t i c s  and dependencies o f  t h e  f o r e s t  i n d u s t r y .  The 
system o f  models i s  a l s o  des igned  t o  cap tu re  t h e  impor tance o f  t r a n s -  
p o r t a t i o n  c o s t s ,  w o r l d  market  p r i c e s ,  energyand  h a r v e s t i n g  c o s t s  dur ing  
t h e  nex t  two decades. 
2.2 A system of models for the  analysis of the  forest industry 
I n  t h i s  s e c t i o n  we s h a l l  i n t r o d u c e  a  se t  o f  c o n d i t i o n s  which a  medium 
and long  t e rm  a n a l y s i s  o f  t h e  f o r e s t  i n d u s t r y  should  f u l f i l .  We s h a l l  
a l s o  suggest a  system o f  models wh ich  s a t i s f i e s  these  c o n d i t i o n s ;  t h i s  
system c o n s i s t s  o f  t h r e e  groups o f  models, d e s c r i b i n g  domest ic  m u l t i -  
s e c t o r a l  g rowth ,  w o r l d  t r a d e ,  and domest ic  s t r u c t u r a l  change. 
An i n d u s t r y  s e c t o r  i s  an i n t e r connec ted  p a r t  o f  a  m u l t i s e c t o r  system. 
Th i s  means t h a t  a  model o f  s t r u c t u r a l  change and g rowth  o f  a  s e c t o r  
must be r e l a t e d  t o  a  m u l t i s e c t o r  g rowth  model. When t h e  l a t t e r  t ype  
o f  model i s  used as a  b a s i c  framework, each s i n g l e  s e c t o r  can be f o r e -  
cas ted  and ana l yzed  as p a r t  o f  a  c o n s i s t e n t  m u l t i s e c t o r  s c e n a r i o  wh ich  
a l s o  c o n s t i t u t e s  a  r e f e r e n c e  system f o r  t h e  a n a l y s i s  o f  s t r u c t u r a l  
change w i t h i n  a  s e c t o r .  
Domestic m u l t i s e c t o r  growth models o f  s tandard  i npu t -ou tpu t  t ype  d e p i c t  
economic systems i n  which p r i c e  and wage l e v e l s  a r e  system-wide. In a  
c l osed  model these  p r i c e s  a r e  ob ta i ned  endogeneously as a  s o l u t i o n  t o  
t h e  model; they w i l l  t h e r e f o r e  represen t  domest ic p r i c e s .  I n  an open 
model t he  domest ic  p r i c e  f o rma t i on  must be t i e d  t o  i n t e r n a t i o n a l  p r i c e  
movements. T h i s  t y p e  o f  approach i s  p a r t i c u l a r l y  r e l e v a n t  f o r  t h e  f o r e s t  
i n d u s t r y  which, today, i s  o f  a  h i g h l y  i n t e r n a t i o n a l  na tu re .  Th i s  imp l i es  
two t h i n g s :  The p r i c e  f o rma t i on  takes p l a c e  on t h e  wo r l d  market,  and 
t r a n s p o r t a t i o n  c o s t s  p l a y  a  s i g n i f i c a n t  r o l e  i n  t h a t  p r i c e  f o rma t i on  
process. 
I n  o r d e r  t o  c a p t u r e  medium and long-run market r e a c t i o n s  t o  t h e  supply  
and demand f rom d i f f e r e n t  c o u n t r i e s  i t  i s  necessary t o  c o n s t r u c t  and 
make use o f  a  w o r l d  market  t r a d e  model. Such a  model must be a b l e  t o  
produce c o n s i s t e n t  t r a d e  scenar ios .  To examine t r a d e  cons is tency  one 
must b u i l d  a  m u l t i s e c t o r  t r a d e  model i n  wh ich  t r a d e  p a t t e r n s  a r e  de- 
s c r i b e d  by a  m a t r i x  t h a t  c l a s s i f i e s  t r a d e  f l ows  i n  two dimensions: 
Del i ver  i ng s e c t o r  ( t y p e  o f  p roduc t )  and Del i ve r  i n g  coun t r y  (groups o f  
c o u n t r i e s ) .  
A domest ic m u l t i s e c t o r  i npu t -ou tpu t  model i l l u s t r a t e s  t h e  average 
s e c t o r  r e l a t i o n s  and average i n p u t  requirements f o r  each sec to r .  Changes 
o c c u r r i n g  i n  t h e  i n p u t - o u t p u t  t a b l e  over  t i m e  a r e  u s u a l l y  brought  i n t o  
t h e  model exogenously by means o f  some supplementary model, o f t e n  i n  
t h e  fo rm o f  a  s t a t i s t i c a l l y  determined t r e n d  equat ion.  
We s h a l l  suggest a  model system which focuses on t he  d i f f e r e n c e s  be t -  
ween es tab l i shmen ts  i n  each s e c t o r .  Each es tab l i shment  i s  g i ven  a  
s e c t o r - s p e c i f i c  v i n t a g e  c l a s s i f i c a t i o n  d e p i c t i n g  p r o d u c t i v i t y ,  p r o f i t a -  
b i l i t y  and i n p u t  requi rements o f  t h e  es tab l i shment .  I n  t h e  f o l l o w i n g  
s e c t i o n s  t h e  o u t l i n e  o f  such a  model system i s  sketched. The models 
i n  t h i s  system a r e  c a l l e d  ' s t r u c t u r a l  change models ' .  These models a r e  
designed t o  use p r i c e  and q u a n t i t y  i n f o r m a t i o n  f rom a  w o r l d  t r a d e  
model as i npu t .  A domest ic s t r u c t u r a l  change model may use a  combina- 
t i o n  o f  w o r l d  t r a d e  i n fo rma t i on  and i n f o r m a t i o n  f rom a  domest ic i n p u t -  
o u t p u t  model. W i th  t h i s  t y p e  o f  i n f o r m a t i o n  i n p u t ,  t h e  models a r e  r e q u i r -  
ed t o  t r a c e  t h e  expected domest ic consequences i n  terms o f  s t r u c t u r a l  
change. Such changes may i n c l u d e  inves tmen t  i n  e x i s t i n g  e s t a b l i s h m e n t s ,  
e x i t  and e n t r y  o f  e s t a b l i s h m e n t s ,  and p r o d u c t  development.  These t y p e s  
o f  p rocesses a l s o  i m p l y  a l t e r a t i o n s  o f  p r o f i t  l e v e l ,  p r o d u c t i v i t y  and 
i n p u t  r e q u i  rements.  
The e s t i m a t i o n  o f  t h e  e f f e c t s  o f  t h e  s t r u c t u r a l  change p rocess  may be 
regarded a s  t h e  f i n a l  s t e p  i n  a  s t r u c t u r a l  e n a l y s i s .  These s t r u c t u r a l  
e f f e c t s  may, i n  a d d i t i o n ,  be used t o  d e t e r m i n e  t h e  g r a d u a l  changes i n  
domes t i c  i n p u t - o u t p u t  c o e f f i c i e n t s .  I n  medium t e r m  f o r e c a s t i n g  one 
may even have a  c l o s e d - l o o p  l i n k a g e  between a  dynamic i n p u t - o u t p u t  
and a  s t r u c t u r a l  change model. 
The f l o w  o f  i n f o r m a t i o n  between t h e  t h r e e  s e t s  o f  models d i s c u s s e d  i s  
d e s c r i b e d  i n  F i g u r e  1. The i n f o r m a t i o n  f l o w s  a r e  shown t o  emphasize 
t h e  p o s s i b i l i t i e s  o f  mak ing c o n s i s t e n c y  t e s t s  and o f  f o r m i n g  c o n v e r g i n g  
i t e r a t i o n  loops.  
F i g u r e  1 A  sys tem o f  models  f o r  medium and l o n g  te rm a n a l y s i s  
I I I RTERSECTORAL RELAT I ONS DYNAMIC 1/0-MODELS 
1 
f N a t i o n a l  g r o w t h  p a t h s  
Growth s c e n a r i o s  
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3 A VINTAGE MODEL FOR STRUCTURAL ANALYSIS OF THE FOREST INDUSTRY 
A  b a s i c  f e a t u r e  o f  t h e  approach t o  s t r u c t u r a l  a n a l y s i s  developed i n  
t h i s  paper i s  a  r e g i o n a l  s p e c i f i c a t i o n  o f  each i n d u s t r y  sec to r  and 
o f  t h e  f o r e s t r y  sec to r .  I n  a d d i t i o n ,  t h e  model system i s  r equ i  red t o  
s a t i s f y  t h e  f o l l o w i n g  c o n d i t i o n s :  
Aggrega t ion  f rom t h e  r e g i o n a l  l e v e l  must be c o n s i s t e n t  w i t h  t he  
n a t i o n a l  m u l t i s e c t o r  model. 
The model system must focus  on e x i s t i n g  r i g i d i t i e s  i n  t h e  adap t i on  
process o f  t h e  p r o d u c t i o n  systems o f  each s e c t o r .  
I t  must be p o s s i b l e  t o  e s t i m a t e  and run  t he  models w i t h  no o t h e r  
da ta  i n p u t  than  i n d u s t r i a l  s t a t i s t i c s  produced annua l l y  i n  Sweden. 
To f u l f i l  these  requi rements we s h a l l  u t i l i z e  a  v i n t a g e  model formula-  
t i o n  wh ich  has s t r o n g  connec t ions  w i t h  p u t t y - c l a y  models i n  which t he  
b a s i c  d i s t i n c t i o n  i s  t h a t  between ex an te  and ex pos t .  T h i s  t ype  o f  
models s t r esses  t h e  e x i s t e n c e  o f  s i g n i f i c a n t  s u b s t i t u t i o n  p o s s i b i l i t i e s  
ex ante,  b e f o r e  t h e  i n s t a l l a t i o n  o f  c a p i t a l  i n  t h e  es tab l i shment ;  i t  
a l s o  s t r esses  t h e  p r o p e r t y  t h a t  ex pos t ,  a f t e r  t he  concre te  des ign  o f  
t h e  i n s t a l l e d  c a p i t a l  equipment, f a c t o r  p r o p o r t i o n s  and i n p u t  r e q u i r e -  
ments a r e  r i g i d  w i t h  a  narrow ranqe o f  f e a s i b l e  v a r i a t i o n s .  ' )  A  v i n tage  
model suggested here  r e l i e s  h e a v i l y  on p u t t y - c l a y  p roduc t i on  theory ,  
bu t  i t  i s  i n t ended  (developed) t o  focus  on r e g i o n a l  c h a r a c t e r i s t i c s  and 
t o  a l l o w  s t o c h a s t i c  f o r m u l a t i o n s  which d e p i c t  ageing and renewal pro-  
cesses and wh ich  make i t  p o s s i b l e  t o  i n t e r p r e t  model r e s u l t s  by means 
o f  s t a t i s t i c a l  t heo ry .  
3.1 Dis t r ibu t ion  o f  Establishments over the  Input  Space, and Produe- 
t i o n  r i g i d i t i e s  
Consider an es tab l i shmen t  w i t h  a  g i ven  o r g a n i s a t i o n  and c a p i t a l  equip-  
ment. For t h i s  es tab l i shmen t  t h e r e  e x i s t s  p roduc t i on  r i g i d i t i e s .  We 
s h a l l  assume t h a t  these  r i g i d i t i e s  can be represented by t he  f o l l o w i n g  
assumption o f  p u t t y - c l a y  type:  
1  ) Among o t h e r s ,  we may here r e f e r  t o  Johansen, L  (1 959) , (1 972) , 
S a l t e r ,  W F  G (19601, Phelps (19621, (19631, Solow, R M (1967). 
- 
(a.1) There e x i s t s  f o r  t h e  es tab l i shmen t  a  c a p a c i t y  l i m i t  x, such t h a t  
- 
t h e  o u t p u t ,  x ,  s a t i s f i e s  0 5 x  5 x .  
There e x i s t  na i n p u t  c o e f f i c i e n t s  a  a  , such t h a t  t h e  
l '. '" 'a 
necessary  i n p u t  o f  resource  j i s  determined by t he  equa t i on  
v  = a . x ,  where v  denotes t h e  consumption o f  resource j ,  e.g., j J j 
raw m a t e r i a l s ,  energy,  and o t h e r  v a r i a b l e  i n p u t .  
There e x i s t  ns labour  i n p u t  c o e f f i c i e n t s  sl ,. . . ,s such t h a t  
s  
t h e  necessary  i n p u t  o f  l abour  o f  t ype  j i s  determined by t he  
e q u a t i o n  S = s . x  , where S denotes t h e  number o f  persons j J 1)  j occup ied  w i t h  t a s k  j . 
Le t  (ql,...,qn ) be t h e  p r i c e  v e c t o r  assoc ia ted  w i t h  t h e  v e c t o r  
a  
(al,. . . ,a ) and l e t  (w, , . . . ,wn ) be t h e  v e c t o r  o f  wage l e v e l s  
"a s  
assoc ia ted  w i t h  (s  l , . . . ,s ) .  I n  t he  subsequent a n a l y s i s  we s h a l l  use 
s  
a  p r i c e  index  q  and an i n p u t  c o e f f i c i e n t  a, such t h a t  
where v  denotes t h e  aggrega te  i n p u t  o f  v a r i a b l e  resources.  
We s h a l l  a l s o  use a  wage index w  and a  labour  i n p u t  index as such t h a t  
Cw. s .  = w a s  ; S = as x  
I I 
where S denotes t h e  t o t a l  number o f  persons employed. 
Aggrega t ion  o f  t h e  t y p e  desc r i bed  i n  ( 2 ) -  ( 3 )  g e n e r a l l y  i n v o l v e s  more 
o r  l e s s  accu ra te  approx imat  ions.  ' )  W i t h  t h e  aggregate i n p u t  c o e f f  i c i -  
en t s  a, and as we s h a l l  c o n s t r u c t  a  two-d imensional  i npu t  space, c o n s i s t -  
i n g  o f  a l l  non-nega t i ve  p a i r s  ( a v , a S )  as desc r i bed  i n  F i g u r e  2. I n  
F i g u r e  2  each es tab l i shmen t  j i s  rep resen ted  by a  t r i p l e  ( i j ,  a' a!) 
v  ' 
d e s c r i b i n g  t h e  c a p a c i t y  and i n p u t  c o e f f i c i e n t s  o f  es tab l i shment  j. The 
shaded a rea  d e p i c t s  t h e  domain o f  t h e  ( a V , a s  - space i n  wh ich  t h e  p ro -  
d u c t i o n  c a p a c i t y  i s  p o s i t i v e .  
1)  One shou ld  observe  t h a t  i n  c e r t a i n  a p p l i c a t i o n s  labour  i n p u t  may, 
c o n t r a r y  t o  t h e  assumpt ion,  be mode l led  as comp le te ly  r i g i d  i n  t h e  
s h o r t  r u n  so t h a t  ~ . ( t )  = S . ( t - 1 ) .  
J J 
F i q u r e  2 I l l u s t r a t i o n  o f  t h e  d i s t r i b u t i o n  o f  c a p a c i t i e s  i n  t h e  
- - 
i n p u t  space 
The e x i s t i n g  c a p a c i t y  r i g i d i t i e s  o f  an es tab l i shment  a r e  i n  ( 2 ) - ( 3 )  
rep resen ted  by t h e  f i x e d  a, and as c o e f f i c i e n t s .  However, re inves tments  
may change t h e  c o e f f i c i e n t s .  There fo re ,  we have t o  observe t h a t  these 
c o e f f i c i e n t s  shou ld  be made? led  as f i x e d  f o r  each g i v e n  year  t ;  t h i s  i s  
emphasized by u s i n g  t h e  n o t a t i o n  a, ( t )  and as (t). W i t h  t h i s  exten-  
s i o n  o f  t h e  model,  t h e  r i g i d i t i e s  must now be r e l a t e d  t o  t h e  f a c t  t h a t  
economic i n c e n t i v e s  f o r  re inves tments  w i l l  deve lop  i n  a  s tep-w ise ,  non- 
con t inuous  way. T h i s  argument w i l l  be extended i n  t h e  subsequent sec t i ons .  
As a  s t e p  i n  t h a t  d i r e c t i o n  t h e  f o l l o w i n g  p r i c e  determined v a r i a b l e s  a r e  
i n t r oduced :  
(4 )  ~ ( t )  = p ( t )  x  ( t ) ,  where p ( t )  denotes t he  o u t p u t  p r i c e  and x ( t )  
t h e  o u t p u t  year  t ; ~ ( t )  denotes t h e  va lue  o f  sa les .  
~ ( t )  = q ( t )  a v ( t )  x  ( t )  = q ( t )  v ( t ) ,  where q ( t )  denotes t h e  
i n p u t  p r i c e  a t  year  t ; ~ ( t )  denotes i n p u t  c o s t s  
~ ( t )  = ~ ( t )  - ~ ( t ) ;  ~ ( t )  denotes v a l u e  added 
W(t) = w ( t )  a S ( t )  x ( t )  = w ( t )  S ( t )  , where w ( t )  denotes t h e  wage 
l e v e l  yea r  t ; ~ ( t )  denotes t h e  wage sum. 
~ ( t )  = F ( t )  - ~ ( t )  ; ~ ( t )  denotes g ross  p r o f i t s .  
b ( t )  = B ( t ) / ~ ( t )  ; b ( t )  denotes g ross  p r o f i t  share 
Assuming t h a t  es tab l i shmen ts  and t h e i r  p r o d u c t i o n  c a p a c i t i e s  a r e  con- 
t i n u o u s l y  d i s t r i b u t e d  ove r  t h e  i n p u t  space, we may use t he  v a r i a b l e s  
i n  ( 4 )  t o  o b t a i n  t h e  p r i c e  determined v e r s i o n  o f  F i g u r e  2 i n  F i gu re  3. 
I n  t h e  l a t t e r  we i l l u s t r a t e  t h e  d i s t r i b u t i o n  o f  v a l u e  added, F (aV,as ) ,  
ove r  t h e  i n p u t  space. The marg ina l  d i s t r i b u t i o n s  ~ ( a , ) ,  F ( a V ) ,  B(aS) 
and B(av)  a r e  a l s o  shown. 
3 -  2. The vintage mode2 assumption 
One o f  t h e  most impo r tan t  f e a t u r e s  o f  t h e  v i n t a g e  approach i s  t h e  
d i s t i n c t i o n  between t h e  t e c h n i c a l  o r  p h y s i c a l  l i f e t i m e  and t h e  economic 
l i f e t i m e  o f  t h e  p r o d u c t i o n  system i n  an es tab l i shmen t .  T h i s  i s  a  d i s -  
t i n c t i o n  between p h y s i c a l  d e p r e c i a t i o n  and economic obsolescence. In -  
c r e a s i n g  obsolescence may e m p i r i c a l l y  be observed as a  success i ve l y  
decreas ing  s t ream o f  q u a s i - r e n t s ,  he re  c a l l e d  gross p r o f i t s  and denoted 
by ~ ( t )  . T h i s  process r e f l e c t s  t h e  economic age ing  o f  an es tab l i shmen t ;  
i t  may c o n t i n u e  u n t i l  g ross  p r o f i t s  no l onge r  cover  any p a r t  p r ime c o s t s ,  
i . e .  u n t i l  g ross  p r o f i t s  becomes ze ro  o r  even nega t i ve .  
Du r i ng  a  c e r t a i n  t ime-span new p l a n t s  a r e  be ing  cons t ruc ted  and some o f  
the  e x i s t i n g  p l a n t s  may be renewed as a  r e s u l t  o f  re inves tments .  The 
g rowth  o f  t e c h n o l o g i c a l  knowledge i m p l i e s  t h a t  g r a d u a l l y  newer and more 
e f f i c i e n t  p l a n t s  a r e  in t roduced .  W i t h  regard  t o  t h e  f o r e s t  i n d u s t r y  sec- 
t o r s  one shou ld  a l s o  recogn ize  t he  g radua l  opening o f  new areas f o r  har -  
ves t i ng .  The c o m p e t i t i o n  f rom new es tab l i shmen ts  and new h a r v e s t i n g  
areas a r e  two impo r tan t  f a c t o r s  wh ich  cause t h e  d e c l i n e  o f  gross p r o f i t s  
i n  es tab l i shmen ts  wh ich  a r e  g row ing  o l d .  
Our o b s e r v a t i o n  u n i t  i s  an es tab l i shmen t ,  and t h i s  u n i t  i s  ana lyzed as 
an o r g a n i s a t i o n  wh ich  c o n s i s t s  o f  subsystems. The c a p i t a l  equipment 
( du rab le  resources)  i n  d i f f e r e n t  systems w i l l  g e n e r a l l y  have d i f f e r e n t  
da tes  o f  c o n s t r u c t i o n .  The d u r a b l e  resources may a l s o  be rep laced  
t h rough  re inves tments  a t  d i f f e r e n t  da tes ,  i n  d i f f e r e n t  subsystems. 
F igu re  3 Value added and g ross  p r o f i t s  d i s t r i b u t e d  over  t he  
i n p u t  c o e f f i c i e n t s  
F(as,av) = D i s t r i b u t i o n  o f  va l ue  added on t he  i npu t  space 
F (aS )  = D i s t r i b u t i o n  o f  v a l u e  added on t he  labour  i n p u t  space 
F(av )  = D i s t r i b u t i o n  o f  va l ue  added on a  - i n p u t  space v  
B(aS)  = D i s t r i b u t i o n  o f  g ross  p r o f i t s  on  t h e  labour  i n p u t  space 
B (av )  = D i s t r i b u t i o n  o f  g ross  p r o f i t s  on  t h e  a  - i n p u t  space v  
When one o r  s e v e r a l  subsystems a r e  renewed, t h e  aggregate i n p u t  c o e f f i -  
c i e n t s  a, and as may change. Such a  change i s  assumed t o  r a i s e  t he  
p r o f i t  share o f  t he  e s t a b l  ishment. 
We s h a l l  c o n s i d e r  a  s e t  M o f  v i n t a g e  indexes T ,  such t h a t  
(5)  M = { T :  T = 1  ,. . . , n) ,  and such t h a t  i n c r e a s i n g  va lues  
o f  T i nd i ca t e  i nc reas i ng economi c  age (obso 1 escence) . 
Condider nex t  t h e  s e t  E = b : { l  2 b  > - - ) a n d  l e t  S T =  E, 
such t h a t  
(6) 5, = { b  : (1,1 - 0 , l ~ )  Z b  > (I-o,IT)) 
f o r  a1 1 T€ M 
W i t h  t h i s  c o n s t r u c t i o n  we s h a l l  i n t r o d u c e  a  mapping T :  E  + M 
such t h a t  
I n  o r d e r  t o  a r r i v e  a t  a  p r e c i s e  i n t e r p r e t a t i o n  o f  t h e  concept o f  v i n -  
tage incexes we s h a l l  f i r s t  s t udy  t h e  f o l l o w i n g  equa t ion :  
which shows t h a t  when t h e  wage r a t e  and t h e  p r i c e s  f l u c t u a t e ,  t h e  g ross  
p r o f i t  share,  b ( t ) ,  w i l l  a l s o  f l u c t u a t e .  T h i s  i m p l i e s ,  i n  t u r n ,  t h a t  
t h e  v i n t a g e  i ndex  v a l u e  o f  an es tab l i shmen t  w i l l  f l u c t u a t e .  Moreover, 
investments  i n  an es tab l i shmen t  w i l l  g e n e r a l l y  reduce t h e  v a l u e  o f  
a s ( t )  and a v ( t ) ,  and such changes w i l l  i n c rease  t h e  v a l u e  o f  b ( t ) .  
F i n a l l y ,  f o r  new es tab l i shmen ts  and f o r  es tab l i shmen ts  wh ich  rece i ve  
new c a p i t a l  equipment,  l e a r n i n g  e f f e c t s  may imp ly  a  success ive  reduc- 
t i o n  o f  i n p u t  c o e f f i c i e n t s  o v e r  a  sequence o f  years.  Assume t h a t  f o r  
each g roup  o f  e s t a b l i s h m e n t s  w i t h  t h e  same v i n t a g e  index investments ,  
market  f l u c t u a t i o n s  and c a p a c i t y  v a r i a t i o n s  occu r  and a f f e c t  t h e  
i n d i v i d u a l  p r o d u c t i o n  u n i t  i n  a  p e r c e i v a b l y  random fash ion .  Then i t  
i s  p o s s i b l e  t o  r e g a r d  t h e  index v a l u e  ~ ( t )  o f an es tab l i shmen t  a t  a  
sequence o f  years  as t h e  outcome o f  a  s t o c h a s t i c  process.  I n  l i n e  
w i t h  t h i s  argument we s h a l l  i n t r o d u c e  t h e  f o l l o w i n g  assumption: 
( a . 2 )  For each i n d u s t r y  s e c t o r  we assume t h a t  the  t r a n s i t i o n  o f  es ta -  
b l i shmen ts  f rom v i n t a g e  index  i t o  index j can be desc r i bed  by 
a  p r o b a b i l i t y  number 0 5 h. ( t )  = 1 ,  such t h a t  h. ( t )  ass ignes 
~j ~j 
t o  es tab l i shmen ts  w i t h  index  i E M i n  year  t - 1 a  p robab i  1 i t y  
o f  r e c e i v i n g  index  j E M i n  year  t . 
The v i n t a g e  c l a s s i f i c a t i o n  as desc r i bed  i n  (5) - (7) migh t  be regarded 
as mean ing fu l ,  i f  t h e  p r o b a b i l i t y  o f  hav ing  a  cons tan t  v i n t a g e  index,  
, i s  h i g h e r  t he  lower  t h e  index  v a l u e  i s .  Table  2 i l l u s t r a t e s  t h a t  
i n  t h i s  sense, i t  i s  mean ing fu l  t o  cons ide r  a  v i n t a g e  index even f o r  
t h e  manu fac tu r i ng  i n d u s t r y  as a  whole. 
Tab le  1 S t r u c t u r a l  constancy o f  b-va lues i n  t he  Swedish manufactu- 
r i n g  i n d u s t r y  1968-1967 
L 
Index 
v a l u e  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
b-va lue i n  an P r o p o r t i o n  o f  es ta -  P r o p o r t i o n  o f  va l ue  
es tab l i shmen t  b l i shmen ts  wh ich  added i n  es tab l i shmen ts  
year  t change one index  wh ich  change one index  
c l a s s  o r  l e s s  bet -  c l a s s  o r  l e s s  between 
ween year  t and t + l  year  t and t + l  
b ?  0,9 94 98 
o,g > b  - > 0,8 76 9 0 
o,8 > b  2 0,7 7 0 88 
0,7 > b  > 0,6 7 0 8 2 
0,6 > b  > 0,s 7 0 84 
0,5 > b  > 0,4 7 1 8 0 
0,4 > b  - > 0,3 7 1 80 
0,3 > b  2 0,2 69 7 5 
0,2 > b  - > O,I 6 3 6 7 
0,l > b >  0,0 5 1 4 5 
0,0 > b  > -0,l 4 3 4 3 
- 
-0,1 > b  - > -0,2 52 4 3 
-0,2 > b  5 5 3 3 
3 . 3  Cross profits and capita2 costs 
The gross p r o f i t ,  B ( t )  , o f  an e s t a b l  ishrnent s h a l l  cover  f i x e d  cos t s  
o f  d i f f e r e n t  types.  From t h i s  p o i n t  o f  v iew B ( t )  may be s p e c i f i e d  i n  
t he  f o l l o w i n g  way: 
C, ( t )  = f i x e d  overhead c o s t s  
C ( t )  = r e p a i  r and maintenance c o s t s  2 
C ( t )  = c a p i t a l  d e p r e c i a t i o n  c o s t s  3 
~ ( t )  = n e t  p r o f i t  
We s h a l l  a l s o  i n t r o d u c e  a  v a r i a b l e ,  B O ( t ) ,  c a l l e d  gross p a y - o f f ,  which 
i s  d e f i n e d  a l g e b r a i c a l l y  i n  t h e  f o l l o w i n g  way: 
I n  t a b l e  3 t h e  average va lues  o f  t h e  c o s t  components i n  ( 9 )  a r e  i l l u -  
s t r a t e d  f o r  two main subsec to rs  o f  t h e  f o r e s t  i n d u s t r y .  
Table  3 F ixed  c o s t  components i n  two subsec to rs  o f  t h e  Swedish 
f o r e s t  i n d u s t r y .  mean va lues  i n  per  cen t  o f  v a l u e  added 
f o r  t h z  p e r i o d  1969-1977. 
1 Wood and Paper and I 
wood p  rod uc t s  
% 
paper p roduc t s  
% 
On t h e  b a s i s  o f  ( 9 )  and (10)  we may c a l c u l a t e  two p r o f i t a b i l  i t y  r a t e s  
i n  t h e  f o l l o w i n g  way: 
(11)  6O( t )  = B O ( t ) / K ( t ) ,  where ~ ( t )  denotes t h e  v a l u e  o f  f i x e d ,  
r e a l  c a p i t a l  , and where 6O( t )  denotes t he  p a y - o f f  
r a t e ,  
6 " ( t )  = ~ ( t ) / ~ ( t ) ,  where 6 * ( t )  denotes t h e  n e t  p r o f i t a b i l i t y  
r a t e .  
Tab le  4 P a y - o f f  r a t e  and n e t  p r o f i t a b i l i t y .  1) 
Average va lues  1969-1977 
Paper and 
paper p roduc t s  
Wood and 
wood p roduc t s  21,4 14,3 
The r e s u l t s  i n  Tab le  3 and 4 r ep resen t  mean va lues .  I n  o r d e r  t o  g e t  
a  p i c t u r e  o f  t h e  i n d u s t r y  s t r u c t u r e  we have t o  cons ide r  t h e  d i s t r i b u -  
t i o n  o f  es tab l i shmen ts ,  v a l u e  added and employment ove r  a  s c a l e  o f  
p r o f i t  shares.  I n  t h e  subsequent s e c t i o n s  we s h a l l  i n t r o d u c e  a n a l y t i -  
c a l  i n s t r umen ts  f o r  a  d e s c r i p t i o n  o f  t h e  d i s t r i b u t i o n s  and t h e  a n a l y s i s  
o f  s t r u c t u r a l  change. 
3.4 Quasi-supp Zy Functions 
I n  t h i s  s e c t i o n  we s h a l l  i n t r o d u c e  quas i -supp ly  curves o f  t h e  S a l t e r -  
t ype . l l  Such a  c u r v e  d e s c r i b e s  how, f o r  a  s e c t o r ,  t h e  l abou r  c o s t  
(wage sum) i n  per  cen t  o f  v a l u e  added i s  i n c r e a s i n g  as ma rg ina l  groups 
o f  es tab l i shmen ts  a r e  added t o  t h e  s e c t o r ,  s t a r t i n g  w i t h  t h e  e s t a b l i s h -  
ments t h a t  have l a r g e s t  g ross  p r o f i t  shares (sma l l  wage shares)  and 
moving t o  e s t a b l i s h m e n t s  w i t h  g r a d u a l l y  decreas ing  p r o f i t  shares.  W i t h  
t h i s  c o n s t r u c t i o n  we o b t a i n  a  ma rg ina l  c o s t  cu r ve  wh ich  may be i n t e r -  
p r e t e d  as a  quas i - supp l y  cu rve .  
1) C a p i t a l  va l ues  a r e  es t ima ted  by t h e  Cen t ra l  Bureau o f  S t a t i s t i c s ( S ~ B )  
2 )  S a l t e r ,  W E G  (1960).  
F i g u r e  4 desc r i bes  t h e  quas i -supp ly  cu r ve  o f  t h e  paper and paper pro-  
duc t  i n d u s t r y  i n  Mid-Sweden. A  cu rve  wh ich  i s  c o n s t r u c t e d  i n  t h i s  way 
has a  s p e c i f i c  m e r i t :  I t  i s  s tandard ized  i n  such a  way t h a t  t he  v i n -  
tage  s t r u c t u r e  i n  d i f f e r e n t  reg ions  may be compared unambiguously. 
Th i s  i s  i l l u s t r a t e d  by F i g u r e  5. 
F i g u r e  - 4 Quas i -supp ly  cu r ve  o f  t h e  paper and paper p roduc ts  i n d u s t r y  
i n  Mid-Sweden 1974 
Wage 
share 
G R O S S  PROFIT 
SHARE 
- 50 , [ I  
I T WAGE SHARE 
Accumulated 
va lue  added 
F igu re  5 Quas i -supp ly  cu rves  o f  the  wood and wood p roduc ts  
i n d u s t r y  i n  two reg ions  1977 
4 -I 
m roo* 
Accumulated 
va lue  added 
Wage 
share  
% 
,DO 
YI - 
EASTERN 
SWEDEN 
NORTHERN 
J SWEDEN 
I n  o r d e r  t o  d e r i v e  t he  quas i -supp ly  f u n c t i o n  b r a i c a l l y  we s h a l l  
u t i l i z e  t h e  s e t  E and i t s  subsets  ST d e f i n e d  i n  (6 ) .  For each s e t  
6, we c o n s t r u c t  t h e  s e t  a ( c T )  o f  i n p u t  c o e f f i c i e n t s ,  such t h a t  
For each s e t  a(ST)  one may c a l c u l a t e  t h e  cor respond ing  va lue  added 
FT i n  t h e  f o l l o w i n g  way: 
JT = i ndex  s e t  wh ich  enumerates a l l  es tab l i shments ,  such 
t h a t  t h e i r  i n p u t  c o e f f i c i e n t s  belong t o  a ( c T ) ,  
gJ = t h e  c a p a c i t y  u t i l i z a t i o n  i n  es tab l i shment  
j E  J, T E M .  
We a l s o  need t h e  average g ross  p r o f i t  share, bT, o f  es tab l i shments  
i n  t h e  index s e t  J T .  T h i s  v a l u e  i s  c a l c u l a t e d  as f o l l o w s :  
From (13) and (14) we may a r range  t h e  p a i r s  ( b T ,  FT) i n  t h e  sequence 
T = 1,2 ,... such t h a t  bT > bT+l . From t h i s  sequence we may f i n a l l y  
c o n s t r u c t  a  d i s c r e t e  quas i - supp l y  f u n c t i o n ,  U, which i s  non-decreasing: 
( 1 2 ) -  (15)  shows t h a t  t h e  U - func t i on  changes as a  r e f l e c t i o n  o f  changes 
o f  i n p u t - c o e f f i c i e n t s ,  p r i c e s  and wages. Such changes a r e  i l l u s t r a t e d  
i n  F igu re  6. 
F i g u r e  6 Quas i -supp ly  curves i n  Mid-Sweden. Paper and paper 
p roduc t s  i n d u s t r y  1974 and 1977. 
3.5 Wsi-demand Functions 
h 
The quas i -supp ly  f u n c t i o n  descr ibes  how 1  - bT i s  i n c r e a s i n g  as u ( F ~ )  
i s  i nc reas ing .  A quasi-demand f u n c t i o n  may be regarded as a  "dual" con- 
s t r u c t i o n .  T h i s  t ype  o f  demand f u n c t i o n  shows how labour  p r o d u c t i v i t y  
i n  a  s e c t o r  i s  decreas ing  m a r g i n a l l y  as es tab l i shments  a r e  added t o  t he  
sec to r  acco rd ing  t o  t he  sequence T = 1,  . . . , n. 
Le t  ST denote t h e  number o f  persons employed i n  estab l ishr rents  be long ing  
t o  t h e  index  s e t  JT , and l e t  wT denote t h e  average wage l e v e l  i n  t h e  
same s e t  o f  es tab l i shments .  I n  s e t  'I t h e  labour  p r o d u c t i v i t y  i s  then  
d e f i n e d  as 
The quasi-demand f u n c t i o n ,  D., can acco rd i ng  t o  (16) be de f i ned  as 
f o l  lows: 
A 
As l ong  as FT/ST > w.,, ST r ep resen t s  t h e  number o f  persons who can be 
employed i n  es tab l i shmen ts  w i t h  non-nega t i ve  g ross  p r o f i t s .  I n  t h i s  
sense t h e  f u n c t i o n  E shows t h e  demand f o r  labour .  As wT i n  i n c r e a s i n g  
A 
f a s t e r  t han  FT/ST, t h e  "demand" ST w i l l  g r a d u a l l y  be reduced. I f  we 
w r i t e  Fk/Sk = Bk + W ,  where w = w f o r  a l l  k  E M ,  OK w i l l  denote t h e  k  
gross p r o f i t  pe r  employed i n  es tab l i shmen ts  be long ing  t o  index s e t  I k '  
T h i s  i s  i l l u s t r a t e d  by F i g u r e  7. 
F i g u r e  7 Quasi-demand c u r v e  d e s c r i b i n g  l abou r  p r o d u c t i v i t y  
and g ross  p r o f i t  pe r  employed. 
The q u a s i - d c ~ i ~ s r ~ d  F u n c t i o n  For labour  can bc used t o  desr  i b e  t h e  
clnploylnent e f f e c t s  o f  a l t e r n a t i v e  t ime-pa ths  f o r  t h e  p r i c e  v a r i a b l e s  
p, q and w ,  c o n d i t i o n a l  t o  s e l e c t e d  p r o d u c t i v i t y  changes. S ince  p ro -  
duct  i v i t y  changes may be r e l a t e d  t o  investrncnt po l  i c i e s ,  i t  i s  thus  
p o s s i b l e  t o  de te rm ine  n a t i o n a l  and r e g i o n a l  1 ) o l i c i e s  f o r  c a p i t a l  
Format i o n  as a  f u n c t  i o n  o f  cmp loy~ :~cn t  t a r g i . t s  f o r  d i  f f e r e n t  i n d u s t r y  
sec to r s .  
Quasi-dernand f u n c t i o n s  rnay a l s o  be e s t  imated f o r  d i  i f e r e n t  v a r i a b l e  
i n p u t s ,  e .g . ,  wood and energy.  I n  our  model s e t t i n g  such a  c u r v e  may 
be c o n s t r u c t e d  by f o rm ing  t h e  f o l l o w i n g  sequence o f  o rde red  p a i r s  
The c o n s t r u c t i o n  i n  (18)  may e a s i l y  f a i l  t o  be a  s tep-w ise  d e c l i n i n g  
f u n c t i o n .  The quasi-demand f u n c t i o n  f o r  labour  i n  ( 1 7 )  w i l l ,  however, 
correspond t o  a  montonous rank ing  o f  l abour  p r o d u c t i v i t y  i f  t h e  wage 
l e v e l  i s  app rox ima te l y  cons tan t  f o r  a l l  es tab l i shments .  T h i s  f o l l o w s  
f rom t h e  c o n s t r u c t i o n  i n  (16) which may be re fo rmu la ted  as 
4 STRUCTURAL CHANGE MODELS. OUTLINES AND SUGGETSTIONS 
This sec t i on  presents a  se t  o f  models and methods f o r  ana lyz ing  s t ruc -  
t u r a l  change i n  the  f o r e s t  indus t ry .  The t ime perspect ive  i s  medium 
and long-term. The p resen ta t i on  cons i s t s  o f  sho r t  summarizing d i s c r i p -  
t i o n s  o f  d i f f e r e n t  models and approaches. The p resen ta t i on  i l l u s t r a t e s  
how the  v in tage  model in t roduced i n  s e c t i o n  3 can be used t o  formulate 
f o r e c a s t i n g  and programming models.') The focus o f  the  presentat  i on  i s  
the  i n t e r s e c t i o n  between s t r u c t u r a l  change and c a p i t a l  format ion.  
4.1 Regional and sectoral  projections based on price forecasting 
We s h a l l  here consider  a  f o r e c a s t i n g  pe r iod  extending about 5 years 
ahead. The s t a r t i n g  year i s  s i g n i f i e d  by to  and the te rmina l  year 
by t::. Suppose t h a t  t he  quasi-supply and quasi-demand s t r u c t u r e s  a t  
da te  t b  a r e  known. For every conceivable fo recas t  o f  how the  p r i c e  
v a r i a b l e s  w i l l  develop, one may wish t o  examine how the  supply and de- 
mand s t r u c t u r e s  a r e  a f f e c t e d  by the  p r i c e  changes. 
Let,  f o r  a  g iven sec tor ,  p, and denote a  p r i c e  p r o j e c t i o n  such 
t h a t  p(t;:) = , g ( t * )  = 6, w(t,) = G . ~ )  Using 'p and 6 one may const ruc t  
an index XT showing t h e  e f f e c t  on va lue  added i n  each index c lass  
o f  t he  fo recas ted p r i c e  changes. I t  i s  then poss ib le  t o  c a l c u l a t e  the  
f o l l o w i n g  va lue  added e f f e c t  o f  t he  p r i c e  pred i ,c t ion :  
- .. 
(20) FT = A,FT(to), where FT denotes the  va lueadded i n  c l a s s  T 
t h e  t e r n i n a l  year, g iven constant p r o d u c t i v i t y  between 
to and t;:) ; 
The corresponding gross p r o f i t  share may be expressed as f o l l o w s :  
1) Some o f  these models a r e  descr ibed i n  d e t a i l  i n  Johansson, 8 ,  
Strgmquist,  U  (1980). 
2) These p r i c e  v a r i a b l e s  may,in addi t ion,be s p e c i f i e d  f o r  each separate 
reg ion. 
Since (21) i s  c a l c u l a t e d  s p e c i f i c l y  assuming cons tan t  p r o d u c t i -  
.. 
v i t y ,  bT may have changed f rom t h e  i n i t i a l  p o s i t i o n  bz ( t o )  CT o f  t h a t  
.. 
bT S T .  I f  t h e  a m b i t i o n  i s  t o  r e s t o r e  t h e  o r i g i n a l  quas i -supp ly  s t r u c -  
t u r e ,  i t  becomes necessary t o  u t i l i z e  re investment  programmes wh ich  
b r i n g  t h e  es tab l i shmen ts  back t o  t h e i r  i n i t i a l  p r o f i t  share p o s i t i o n .  
I n  a d d i t i o n  one may f o r m u l a t e  investment programmes which expand t h e  
p roduc t i on  c a p a c i t y ,  and wh ich  b r i n g  about a  des i r ed  employment l e v e l  
as w e l l  as a  d e s i r e d  fo rm o f  t h e  quas i -supp ly  curve. 
Suppose now t h a t  we have es t imated ,  f o r  each c l a s s  T, t h e  c a p a c i t y  
u t i l i z a t i o n  i n  t h e  i n i t i a l  year  to .  Let  u T ( t o ) ,  0  j uT < 1, be a  
c a p a c i t y  c o e f f i c i e n t  f o r  index  c l a s s  T. I t  i s  then p o s s i b l e  t o  de te r -  
mine t he  e f f e c t  o f  a  c a p a c i t y  u t i l i z a t i o n  s h i f t  between year  to and 
tk i n  t h e  f o l l o w i n g  way: 
.. 
. - a 
(22) F T = F T / u T ( t o ) ,  w h e r e F T s i g n i f i e s  t h e v a l u e a d d e d  t h a t  w i l l  
o b t a i n  a t  f u l l  c a p a c i t y ,  
where 2 ( t o )  s i g n i f i e s  t h e  f u l l  capac i t y  l e v e l  i n  year  to. 
T 
Obvious ly ,  investment programmes should be c a l c u l a t e d  on t h e  bas i s  o f  
(22) r a t h e r  than  from (20 ) - (21 ) .  
4.2 Projections of regional prices on wood 
- The - p r o j e c t i o n s  i n  t h e  p rev ious  s e c t i o n  c o n t a i n  a  f o r e c a s t ,  q , o f  
hbw t h e  i n p u t  p r i c e  w i l l  change d u r i n g  t he  f o r e c a s t i n g  pe r i od .  The 
conc is tency  o f  such a  f o r e c a s t  may be checked by cons ide r i ng  t h e  i n t e r -  
a c t i o n  between t h e  supp ly  o f  wood and t h e  demand f o r  wood. The l a t t e r  
w i l l  r e f l e c t  d i f f e r e n t  p r o d u c t i o n  l e v e l s  i n  t h e  f o r e s t  i n d u s t r y  as a 
whole. 
As a  s t a r t i n g - p o i n t ,  l e t  us i n t r oduce  a  f o r e c a s t  showing 
t h e  cos t  s t r u c t u r e  o f  t h e  h a r v e s t i n g  process i n  t he  t e r m i n a l  year .  
For each r e g i o n  such a  f o recas t  may be fo rmu la ted  as a  s tep-w ise  
cos t  f u n c t i o n  o f  t h e  t ype  i l l u s t r a t e d  i n  F i g u r e  8. Such a  c o s t  f u n c t i o n  
c o u l d  be regarded as a  f u n c t i o n  d e s c r i b i n g  t h e  supply  o f  wood. 
F i g u r e  8 A f o r e c a s t  o f  t h e  c o s t  f u n c t i o n  o f  wood h a r v e s t i n g  
i n  a  r e g i o n  
c o s t  cu r ve  
-?; 
- - q 
I I I I I k J  
I Cr 1 
I I 
I I 
J I 1 
I c $ Wood supp ly  (Harvest i ng v o l  urne) 
* 
q = supp ly  p r i c e  on t h e  w o r l d  market ( i n c l u d i n g  c o s t s  
o f  t r a n s p o r t a t i o n  t o  Sweden) 
q r = r e g i o n a l  supp ly  p r i c e  ( e x c l u d i n g  t r a n s p o r t a t i o n  
c o s t s )  
- k  
v  = f e a s i b l e  supp ly  o f  wood f rom h a r v e s t i n g  a rea  k  
r 
F i g u r e  8 i l l u s t r a t e s  a  wood supply  cu r ve  showing t h e  u n i t  c o s t ,  c  k  r 7  
f o r  each s p e c i f i e d  i n t e r v a l ,  vk o f  t h e  supp ly  a x i s .  I f  k  s i g n i f i e s  
r '  
a  ma rg ina l  h a r v e s t i n g  area,  we may assume t h a t  t h e  supp ly  p r i c e  i n  
k  
r e g i o n  r w i l l  be h i g h e r  t h a n  cr.  For each r e g i o n  we may s p e c i f y  a  t r a n -  
s p o r t a t i o n  c o s t  c o e f f i c i e n t ,  f , such t h a t  t h e  "spot  p r i c e "  c: i s  
r 9  
t rans fo rmed t o  a  d e s t i n a t i o n  p r i c e  ck  i n  t h e  f o l l o w i n g  way 
r g  
k  k  (23 )  c  = c  f , where r denotes d e l  i v e r i n g  r e g i o n  and g  d e s t i -  
r g  r r 9  
n a t i o n  reg ion .  
k  k  Le t  c  be a  r e g i o n a l  cos t  f u n c t i o n  such t h a t  c  = c  (-1 GI), 
r r r 
I =1 
where ;' denotes a  supp ly  q u a n t i t y .  Then (23) de f i nes ,  i n  a  system 
r 
w i t h  n  reg ions ,  an n - t u p l e  o f  d e s t i n a t i o n - s p e c i f i e d  cos t  f u n c t i o n  
such t h a t  c  = f r g c r  . Since  each r e g i o n  i s  a p o t e n t i a l  s u p p l i e r ,  
fl 
we end up w i t h  an n x n - m a t r i x  o f  c o s t  f u n c t i o n s  c =  (c 1. 
r g  
Going back t o  (18) we may s p e c i f y  a  f u n c t i o n  Vr f o r  each reg ion  r 
such t h a t  
k  
(24) Vk  = Qr ( E v:) where v' i s  a  q u a n t i t y  consumed (demanded) r r 
'=l i n  r e g i o n  r 
Assume t h a t Q r  i s  fo rmu la ted  as a  non - i nc reas ing  f u n c t i o n .  Then c  
represen ts  a  p o t e n t i a l  supp ly  system and t h e  v e c t o r  Q =  i'PrI repre-  
sen ts  a  r e g i o n a l  demand system. The problem o f  f i n d i n g  a  v e c t o r  o f  
r e g i o n a l  p r i c e s  q =  (4,) may be approached as a  gene ra l i zed  t r ansh ip -  
ment problem. D i s rega rd ing  t h e  q u e s t i o n  o f  f o r m u l a t i n g  a  p r a c t i c a l l y  
s o l v a b l e  model, t h e  f o l l o w i n g  o p t i m i z a t i o n  problem may be used as a  
re fe rence  system: 
k  (25) min E E  E ck z  , s. t. 
k r g  '9 g  
k  < - k  C z  - v g ,  a l l  g ,  a n d a l l  k ;  
r gr 
> max c k  : z:r > 0) ; q r  - I gr 
where a,- i s  d e f i n e d  f rom t h e  r e l a t i o n  qr 5 10i =.,(I v:) . 
I =1 
4.3 Regional investment p r o g r m e s  for industry  sectors  
I n  s e c t i o n  4.1 we have sketched how p r o j e c t i o n s  o f  va lue  added and 
gross p r o f i t s  i n  v i n t a g e  c l asses  may be d e r i v e d  f rom d i f f e r e n t  p r i c e  
f o recas t s .  I n  t h i s  s e c t i o n  we s h a l l  show how t h i s  t y p e  o f  p r o j e c t i o n s  
can be u t i l i z e d  i n  an a n a l y s i s  o f  r eg iona l  investment programmes. The 
t ype  o f  model sketched here  i s  in tended t o  desc r i be  how r e g i o n a l  em- 
ployment t a r g e t s  can  be f u l f i l l e d  w i t h  t h e  h e l p  o f  r eg iona l  c a p i t a l  
f o rma t i on  i n  i n d u s t r y  sec to r s .  
I t  i s  p o s s i b l e  t o  o u t l i n e  a  framework i n  which models can s e l e c t e d  
acco rd ing  t o  t h e  f o l l o w i n g  a l t e r n a t i v e  pe rspec t i ves :  
- l n t e r s e c t o r a l  and i n t e r r e g i o n a l  a l l o c a t i o n  o f  investments  
- l n t e r s e c t o r a l  a l l o c a t i o n  o f  investments  i n  one reg ion  
- I n t e r r e g i o n a l  a l l o c a t i o n  o f  investments i n  t h e  f o r e s t  i n d u s t r y .  
I n  o r d e r  t o  i l l u s t r a t e  t h e  approach we s h a l l  s e l e c t  a  model v e r s i o n  
.L 
which s p e c i f i e s  an employment goa l ,  g j r  , f o r  each i n d u s t r y  sec to r  j 
i n  one s i n g l e  reg ion  r .  However, f rom t h e  o u t l i n e  o f  t h e  model i t  i s  
p o s s i b l e  t o  imagine how o t h e r  ve rs i ons  may be ob ta ined .  
W i th  regard t o  r e g i o n  r, s e c t o r  j, and index c l a s s  T, we f i r s t  con- 
s i d e r  t h e  f o l l o w i n g  p r o j e c t i o n  o f  t h e  k i n d  descr ibed  i n  s e c t i o n  4.1: 
(26) F' = v a l u e  added a t  f u l l  capac i t y ,  j r 
s = employment a t  f u l l  capac i t y ,  j r 
L l / a j r  = l abou r  p r o d u c t i v i t y .  
We next  cons ide r  t e c h n i c a l  c o e f f i c i e n t s  which may be ob ta i ned  by com- 
b i n i n g  e x t e r n a l  i n f o r m a t i o n  w i t h  e m p i r i c a l  es t imates  o f  t h e  v i n t a g e  
model o u t l i n e d  i n  t h e  p rev ious  sec t i ons :  
(27) kT = investment  c o e f f i c i e n t  o f  s e c t o r  j, c l a s s  T ;  j r 
k*  = investment  c o e f f i c i e n t  o f  new es tab l i shments  i n  j r 
s e c t o r  j ; 
L 
l /a"r = l abour  p r o d u c t i v i t y  i n  new es tab l i shmen ts ,  s e c t o r  j ; 
J 
P = i n t e r e s t  requ i rements  w i t h  regard  t o  investment  i n  j 
s e c t o r  j . 
F i n a l l y  t h e  f o l l o w i n g  v a r i a b l e s  a r e  in t roduced :  
(28) hufr = p r o d u c t i v i t y  i nc rease  i n  s e c t o r  j, c l a s s  r , 
br = gross  p r o f i t  share i n  s e c t o r  j , c l a s s  r ;  j r 
i = gross  p r o f i t  share i n  new es tab l i shments ,  s e c t o r  j ; j r 
I = c a p i t a l  f o r m a t i o n  i n  s e c t o r  j, c l a s s  r ; j r 
I *  = c a p i t a l  f o r m a t i o n  i n  new e s t a b l  ishments, s e c t o r  j ; j r 
AS* = employment i n  new es tab l i shmen ts .  j r 
The r e l a t i o n  between investment  and labour  p r o d u c t i v i t y  i s  assumed t o  
have have t h e  f o l l o w i n g  form w i t h  respec t  t o  t h e  t e r m i n a l  yea r  t*: 
(29) l r  = k: ApT ST /aT , a1 1 j and r j r j r  j r  j r  j r  
By d e f i n i t i o n  t h e  g ross  p r o f i t  shares a r e  determined as f o l l o w s :  
We may assume t h a t  t h e  employment t a r g e t s  o f  r e g i o n  r have been se lec -  
t e d  i n  such a  way t h a t  a l l  p r o d u c t i o n  can be s o l d  a t  t h e  f o recas ted  
p r i c e .  W i t h  t h i s  assumpt ion we i n t r o d u c e  an o b j e c t i v e  f u n c t i o n ,  i n  (31) ,  
which i n d i r e c t l y  p u t s  n e g a t i v e  we igh t s  on  investment  c o s t s  and p o s i -  
t i v e  on  g ross  p r o f i t s :  
'I (31) Min L  p i l j r  + C p.13 
j ,.I j J  J' 
To t h i s  f u n c t i o n  we add t h e  f o l l o w i n g  s e c t o r a l  c o n s t r a i n t s  t o g e t h e r  
w i t h  t he  assoc ia ted  shadow p r i c e s :  
(32) ( i )  S j r =  A S "  + Z S T  ; Y  j r  ~r j r  
( i i i )  A J  -' A S "  ; 6" j r  j r  j r  
C o n s t r a i n t  ( i )  r e f l e c t s  t h e  employment t a r g e t  and y may i n t e r p r e t e d  j r 
as an employment subs idy  o r  t a x ,  depending on i t s  s i gn .  C o n s t r a i n t s  
( i i )  and ( i i i )  r e f l e c t  c a p a c i t y  l i m i t s  i n  o l d  and new es tab l i shmen ts .  
The shadow p r i c e s  6: and 6" denote g ross  p r o f i t s  minus c a p i t a l  c o s t s  
J I- j r 
and s u b s i d i e s  p e r  employed. The f o l l o w i n g  optimum c o n d i s t i o n s  charac-  
t e r i c e  t he  s o l u t i o n  o f  t h e  programming model 
The bas i c  p a r t  o f  t h e  s o l u t i o n  concerns t h e  d i s t r i b u t i o n  o f  investments  
1' and I *  f o r  a l l  j and T. Moreover, we may focus  t he  i n t e r e s t  on j r j r A 
t h e  employment s u b s i d i e s  y s . I t  a l s o  p o s s i b l e  t o  cons ide r  s u b s i -  i r  j r  
d i e s  e x c l u s i v e l y  go ing  t o  es tab l i shmen ts  such t h a t  6T = 0. j r 
9ue t o  l a c k  o f  space we s h a l l  n o t  d i s cuss  s o l u t i o n  a l g o r i t h m s  o r  t h e  
c h a r a c t e r  o f  t h e  s o l u t i o n .  However, i n  F i g u r  9 a  s o l u t i o n  i s  i l l u s t r a -  
t ed  f o r  one s e c t o r .  We shou ld  a l s o  add t h a t  i n t e r e s t i n g  ex tens ions  o f  
t h e  model can be o b t a i n e d  by i n t r o d u c i n g  c o n s t r a i n t s  o f  i n t e g e r  t y p e  
and by c o n s i d e r i n g  a  sequence o f  seve ra l  pe r iods .  I n  i t s  p resen t  f o rm  
F i g u r e  9 I l l u s t r a t i o n  o f  a  s o l u t i o n  to t h e  programming 
mode 1 
t h e  model c o u l d  be used t o  t r a c e  t h e  e f f e c t s  o f  a l t e r a t i o n s  o f  t h e  
employment t a r g e t s ,  S" , and o f  t h e  assumpt ions about t e c h n i c a l  j r 
development r e f l e c t e d  by t h e  e q u a t i o n s  i n  (29).  
4.4 In terca t ion  betueen s t ruc tura l  change models 
I n  s e c t i o n  4.1 a  " p r o j e c t i o n  model" i s  in t roduced and s p e c i f i e d  i n  
(20-22).  The p r o j e c t i o n s  i n  t h i s  model may be combined w i t h  o b j e c t i v e s  
concern ing ( i )  t h e  change o f  p r o d u c t i o n  volumes, and ( i  i )  t h e  d i s t r i -  
b u t i o n  o f  v a l u e  added and employment over  v i n t a g e  c lasses  i n  a  sec to r .  
I n  o rde r  t o  f u l f i l  these  o b j e c t i v e s  i t  may be necessary t o  shut  down 
c e r t a i n  es tab l i shmen ts  and t o  inc rease  the  c a p a c i t y  and p r o d u c t i v i t y  
i n  new and a l r e a d y  e x i s t i n g  es tab l i shments .  I f  a  c a p i t a l  f o r m a t i o n  
a n a l y s i s  i s  added t o  t h e  p r o j e c t i o n  model, i t  becomes p o s s i b l e  t o  
d e r i v e  investment  programmes which s a t i s f y  t he  g i v e n  o b j e c t i v e s .  
I t  i s  p o s s i b l e  t o  connect a  dynamic i npu t -ou tpu t  model w i t h  t h e  
p r o j e c t i o n  model. Capac i t y  requi rements and changes o f  i n p u t  c o e f f i -  
c i e n t s  i n  t h e  i n p u t - o u t p u t  model may then  be determined on t h e  b a s i s  
o f  t h e  investment  a n a l y s i s  i n  t he  p r o j e c t i o n  model. 
Suppose t h a t  t h e  i n p u t - o u t p u t  model i nc l udes  r e l a t i o n s  d e s c r i b i n g  t h e  
p r i c e  f o rma t i on  process.  One may then  form a  c losed  loop  such t h a t  
t h e  r e s u l t s  from t h e  i n p u t - o u t p u t  model a r e  used t o  determine t he  p r i c e  
and q u a n t i t y  p r o j e c t i o n s  which e n t e r  t h e  p r o j e c t i o n  model. T h i s  k i n d  o f  
c losed  cha in  i s  i l l u s t r a t e d  i n  F i g u r e  10. The f i g u r e  a l s o  shows how t h e  
"employment po l  i c y  model", ou t1  ined i n  (26) - (33) .  may be connected t o  
t h e  model system d iscussed.  
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Figure  10 I n t e r a c t i o n  between s t r u c t u r a l  change models 
I 
I Objec t ives  concerning I '  I 1 Employment goa ls  I 
I 
( i )  p roduct ion  volumes I I Investment I 1 I I 
i n  d i f f e r e n t  sectors I I c o e f f i c i e n t s  I 
' 3  ( i i )  d i s t r i b u t i o n  o f  + - - - I  I I New product ion  I I 
I I I I p r o f i t  shares ( v in tage  I I techniques I I  I 
1 s t r u c t u r e )  i n  each I 
' I  I  
I 
I sec to r  I I I 
I 
I 
L - -  - - -1 -&- - - -  ---, I ?: - 
EMPLOYMENT 
I 
- - -  ---.  - _ -  I 
POLICY MODEL I 
I i 
- - - 
I 
I 
vestment I 
p  rog rammes programmes 1 I 
I I 
- - - - - - - - I  - - -  --J 
I I 1 
I 
- - - $ / - -  - , - - - - A - -v-- I 
I Change o f  I Capacity I 
I I I I 1 (average) I . I  expansion I I I 
I  i npu t  I I ( ~ e w  investments I I 
I I 
c o e f f i c i e n t s  I and reinvestments) I 
1 I 
I I I I 
1 - - L- - V  - - 
I -1 
World t rade  I 1 - - - - - - - - - I 
I I 
6 \I/ I 
I 
I 
- - - - - - - - - 1  9 
I 
I J A 1 I 
DYNAMIC INPUT-OUTPUT 
MODEL WITH P R I C E  
FORMAT l ON 
5  THE ORGANIZATION OF DATA AND A  DYNAMIC DESCRIPTION OFTHE 
STRUCTURAL CHANGE PROCESS 
The type  o f  analyses and t h e  models suggested i n  t h i s  paper r e q u i r e  a  
se t  o f  d e t a i l e d  and c o n s i s t e n t  da ta  about t h e  i ndus t r y .  We sha l l ,  i n  
t h i s  f i n a l  sec t i on ,desc r i be  some o f  t h e  i n f o r m a t i o n  a v a i l a b l e  i n  Sweden's 
I n d u s t r i a l  S t a t i s t i c s .  We s h a l l  a l s o  show how we have o rgan ized  t h i s  
i n f o rma t i on .  F i n a l l y ,  we s h a l l  i n d i c a t e  how t h i s  o r g a n i z a t i o n  o f  da ta  
may be u t i l i z e d  t o  f o r m u l a t e  a  dynamic model o f  t h e  s t r u c t u r a l  change 
process . 
5.1 A cross-classification principle 
I n  t h i s  s e c t i o n  we s h a l l  d e s c r i b e  an a l r eady  e x i s t i n g  i n f o r m a t i o n  system 
based on i n fo rma t  i o n  about i n d i v i d u a l  e s t a b l  i shments.') The in format  i o n  
system i s  used f o r  s e c t o r a l  and reg iona l  analyses o f  t h e  i n d u s t r y .  There- 
f o r e  t h e  system con ta ins  a  c r o s s - c l a s s i f i c a t i o n  o f  each es tab l i shment  
w i t h  regard t o  
- Region and coun ty  
- Sector  
- Time 
- The g ross  p r o f i t  share o f  each es tab l i shment  
( v i n t a g e  c l a s s i f i c a t i o n )  
I n  a d d i t i o n  t h e  i n fo rma t i onsys tem con ta ins  a  c r o s s - c l a s s i f i c a t i o n  o f  
t h e  p r o f i t  share o f  each e s t a b l  ishment f o r  p a i  rs o f  years.  T h i s  i n f o r -  
ma t i on  i s  summarized i n  m a t r i c e s ,  ~ ( t ) = ( x .  ( t ) ) ,  o f  t h e  f o l l o w i n g  
~j 
type:  
1) Th i s  system i s  c h a r a c t e r i z e d  i n  Johansson B, Strgmquis t  U (1980).  
The system i s  designed n o t  t o  reveal  i n f o r m a t i o n  about i n d i v i d u a l  
es tab l i shments .  
(34) x. ( t )  speci f ices ( f o r  a reg ion  and/or a sec tor )  the number 
r j  
o f  es tab l  ishments which belorqed t o  index c lass  i i n  year t -1  
and index c lass  j i n  year t ;  
i E { M , + ) ,  where M = { l ,  ..., n]  i s  the set  o f  v in tage indexes 
int roduced i n  (5) and where i = 5 ' )  s i g n i f i e s  a c lass  which 
conta ins  the es tab l  ishments en te r i ng  the market i n  ye.ar t ;  
j E{M;o], where i = ol) s i g n i f i e s  a c lass  which conta ins  the 
establ ishments leav ing  the  market i n  year t. 
To every m a t r i x  ~ ( t )  one may spec i f y  th ree d i f f e r e n t  types o f  associated 
mat r ices  denoted by ~ ( t )  = { y .  . ( t ) l  such t h a t  
I J  
(35) f o r  the se t  o f  es tab l  ishrnents belonging t o  c e l l  ( i  ,j) 
y. . ( t )  s p e c i f i e s :  
' J  
- the number o f  employed, o r  
- the  wage sum, o r  
- the va lue  added 
One may a l s o  consider  mat r ices  ~ ( t - k )  = { l . . ( t - k ) ) ,  where I ( t - k )  
1J i j  
denotes the c a p i t a l  format ion year t - k ,  k  ? 0 ,  i n  the se t  o f  
- 
2 )  estab l  ishments belonging t o  c e l l  ( i  , j )  . With t h i s  l a t t e r  type o f  
mat r ices  one may e s t  imate how the investment process a f f e c t s  t he  v in tage 
p o s i t i o n  o f  es tab l  ishments, w i t h  a t ime- lag o f  k  years. 
Combining the th ree types o f  Y-matrices one may determine a quasi-suppl y  
and quasi-demand curve  f o r  each row i of  the o r i g i n a l  m a t r i x  X. U t i l  i z i n g  
the marginal d i s t r i b u t i o n s  o f  the t y p c x  = onemay c a l c u l a t e  the j . i j  
o v e r - a l l  quasi -supply and quasi-'dem~nd curve: associated w i t h  each mat- 
r i x  which may r e f e r  t o  a reg ion  and/or a sec tor .  
1) I n  sho r t ,  i = * denotes "entry"  and i = o denotes "exi t " .  
2) The e x i s t i n g  i n fo rma t ion  system does not ye t  inc lude investment 
va r i ab les ,  but  i s  planned t o  do so. 
5.2 Dynamic d e s c r i p t i o n s  o f  the  s t r u c t u r a l  change process 
The m a t r i c e s  s p e c i f i e d  i n  (34) and (35) may be used t o  check t he  
re levance  and r e l i a b i l i t y  o f  t h e  v i n t a g e  model assumption in t roduced 
i n  s e c t i o n  3. I n  p a r t i c u l a r ,  t h e  m a t r i x  ~ ( t )  can be used t o  es t ima te  t h e  
t r a n s i t i o n  p r o b a b i l i t i e s  h . . ( t ) ,  i n t roduced i n  (a.2).  T h i s  can be 
I J 
done i n  t h e  f o l l o w i n g  way: 
Analogous p r o b a b i l i t i e s  may be es t ima ted  f rom the  t h r e e  types o f  
Y-matr ices. We then  end up w i t h  four  ma t r i ces  o f  t h e  type  ~ ( t )  = I h . . ( t ) )  
I J 
Wi th  t h i s  c o n s t r u c t i o n  t h e  s t r u c t u r a l  change process can be 
descr ibed  as a  t r a n s i t i o n  process such t h a t  
~ ( t )  = y ( t - 1 ) ~  Y ( t )  
The system i n  (37) may be used t o  ana lyze  s t r u c t u r a l  change scenar ios  
i n  t he  form o f  quas i - supp l y  and quasi-demand curves r e l a t e d  t o  s t a b l e  
s o l u t i o n s  o f  t h e  t r a n s i t i o n  system. 1) 
I n  o r d e r  t o  i n c o r p o r a t e  t he  f a c t  t h a t  t h e  g ross  p r o f i t  share i s  i n -  
f l uenced  by market  f l u c t u a t i o n s ,  t h e  t r a n s i t i o n  p r o b a b i l i t i e s  may be 
es t imated  as f u n c t i o n s  o f  s h o r t  r un  changes o f  t he  p r i c e  v a r i a b l e s  
p ( t ) ,  w ( t )  and q ( t ) .  I n  t h i s  way i t  i s  a l s o  p o s s i b l e  t o  obse rve the  degree 
t o  which a s ( t )  and a v ( t )  a r e  i n f l uenced  by v a r i a t i o n s  i n  t he  
c a p a c i t y  u t i l i z a t i o n .  2 
1) See Johansson 0 ,  Holmberg 1 (1980).  
2) Observe t h a t  (a.1) assumes these c o e f f i c i e n t s  t o  be cons tan t .  
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Wood Supply and Demand in Sweden 
Introduction 
Since the beginning of the 1970's the annual wood consumption 
capacity in Sweden has greatly exceeded forest growth. This im- 
balance has been aggravated by rising oil prices which make wood 
competitive also as a fuel. 
The way forestry, the forest-based industry and government handle this 
situation will have significant effects on the whole economy. The 
forest-based industry has in several respects something of akeyposition. 
First, the balance of trade is heavily resting on this industry. It 
gives rise to 20 per cent of the exports but only 2 per cent of the 
imports. Net earnings correspond to the cost of the oil import. 
Second, the employment just makes up to 2 per cent of the country's 
total. But a large part of this is in regions with a high rate 
of unemployment. A number of small towns in those areas stand and 
fall with this industry. 
Finally, the pulp and paper industry is both a main energy consumer 
and supplier. 40 per cent of total industrial energy use is due to 
it, but more than 60 per cent of the fuel it uses is own by-products 
like bark, spent liquors etc. 30parcent of the own electricity con- 
sumption is generated with such wood-based fuels. 
The shortage of raw material facing the forest-based industry makes 
it necessary to reduce capacity or/and to increase supply. This has 
created demands on the government to intervene in various ways. 
To mitigate the effects of a cutdown of capacity, the government is 
asked to support, sometimes even to enforce, a vertical expansion of 
the industry towards further manufacturing of semi-finished products 
which are now being exported. This is however no simple task. Compe- 
tition is often already troublesome on the markets for finished pro- 
ducts. In the case of paper there are even some threats of increasing 
trade barriers as a result of a too rapid increase of the Swedish 
paper-making capacity. 
But measures have also been proposed for preventing a reduction in 
industry's wood-consumption capacity. The industry itself and others 
have suggested a regulation of the use of wood for heating purposes 
in order to establish that only wood-materials without other use are 
burned. To augment the supply various forms of subsidies have been 
proposed. These aim to increase cuttings in periods of peak demand 
and to stimulate growth-promoting investments. 
In this paper I will discuss some aspects of the problem of how to 
avoid or moderate a decrease of the existing capacity. My first point 
is that the problem is not the result of an actual deficit of trees, 
but of the policy to have a balance at each time between growth and har- 
vest. My second point is that a regulation of wood-burnings may well 
be unnecessary. This is the suggestion offered from an estimation of 
industry's short run wood demand function. 
Supply vs. industry's capacity 
The parliament decided in 1979 that the ambition of the forest policy 
will be to achieve an average harvest level of 75 million m3 (gross 
volume; inclusive bark and tops, but exclusive roots, stubs and branches). 
This level corresponds to current growth (but exceeds expected growth 
at the turn of the century). 
This level of supply amounts to about 90 per cent of industry's current 
3 full capacity wood consumption (a supply of 60 million m - net volume; 
exclusive bark - versus 66,4 million m3 (net) for full capacity con- 
sumption). This share becomes even smaller if the comparison takes 
account of differences between regions and tree species. Table 1 shows 
balances for the three regions defined in the map. The potential supply 
of pine-wood will only suffice for an 80 per cent utilization of total 
capacity. Instead, leaf-wood is in excess in all regions. There are also 
important regional differences. The pine-wood balance isbetter innorthern 
Sweden, but worse in the two other regions. 
3 Table 1. Mill ions of m (ne t )  
Region 1 Region 2 Region 3 TotaI 
Conifer Leaf Tota l  Conifer Leaf Tota l  Conifer Leaf Tota l  Conifer Leaf To ta l  
Wood 
consumption 
100 Z 17.0 2.0 19.0 16.1 0.8 16.9 27.9 2.6 30.5 61.0 5.4 66.4 
85 Z 14.5 1.7 16.2 13.7 0.7 14.4 23.7 2.2 25.9 51.9 4.6 56.4 
Aimed supply 15.8 2.8 18.6 11.9 1.9 13.8 21.4 5.4 26.8 49.1 10.1 59,2 
This regards the  l e v e l  of supply t o  which t h e  parliament i s  aiming. 
The government f o r e s t  pol icy  (working through prohibi t ions  t o  harves t  
not  f u l l y  grown f o r e s t s  - f o r  the moment defined as  having a growth- 
r a t e  over 3 per cent  -, replant ing  d u t i e s ,  tax pol icy ,  
i n d u s t r i a l  pol icy ,  e tc . )  j u s t  s e t s  up a frame f o r  the  a c t u a l  wood 
s c a r c i t y .  The a c t u a l  s c a r c i t y  i s  of course an economic quest ion;  
depending on the  shape of the  danand and supply funct ions .  An est imated 
supply-curve f o r  region 1 i s  shown - i n  an unconventional fashion - 
i n  f i g u r e  1. I t  shows the n e t  revenue per u n i t  t o  the  supp l i e r s  f o r  
d i f f e r e n t  supplied q u a n t i t i e s  when p r i c e  i s  unchanged. The n e t  revenue 
i s  the  cu r ren t  p r i c e  (1979) l e s s  the c o s t  of c u t t i n g ,  t r anspor t  and 
necessary replant ing .  The two curves i n  the  f i g u r e  demonstrate how m a r -  
g i n a l  c o s t  increases  (ne t  revenue when p r i c e  is unchanged decreases)  
when supply i s  increased.  
Figure 1 
The supply a t  t h e  c u r r e n t  p r i c e  i s  given from the  i n t e r s e c t i o n b e t w e e n t h e  
supply curve and the  zero-prof i t  l i n e .  This  amounts t o  a volume of 14 
m i l l i o n  cubic  meters ,  corresponding t o  72 per  cent  u t i l i z a t i o n  of 
i n d u s t r i a l  capac i ty .  I f  the  p r i c e  i s  increased  wi th  20 Sw. crowns 
the  supply goes up one m i l l i o n  cubic  meters.  The f i g u r e  shows t h a t  t he  
supply e l a s t i c i t y  i s  very  high f o r  the  fol lowing q u a n t i t i e s  up t o  the  
upper boundary - which i s  t he  aimed l e v e l  s e t  up by t h e  parl iament .  
Thus i t  seems a s  i f  t h e  economic shor tage  of wood r e l a t i v e  t o  indus t ry ' s  
capac i ty  i s  s i g n i f i c a n t l y  higher  than  t a b l e  1 po in t s  out .  
I n d u s t r i a l  capac i ty  i s  n o t  t h e  same a s  r e a l  production. Because of 
e s p e c i a l l y  the  fou r  year  long r ecess ion  1975-1978 t h e  t o t a l  wood input  
t o  indus t ry  dur ing  t h e  1970's .was l e s s  than the  f o r e s t  growth. Market 
demand was i n  o the r  words a s t ronge r  c o n s t r a i n t  than  t h e  growth of t h e  
biomass. 
The r e l i e f  i n  the  balance s i t u a t i o n  was however only  temporary. Demand 
i s  expected t o  be growing dur ing  the  1980's. The s a l e s  p o t e n t i a l  1982 
has been es t imated  i n  an  o f f i c i a l  r e p o r t  t o  correspond t o  a wood con- 
sumption of 70 m i l l i o n  m3 ( n e t )  o r  90 m i l l i o n  m3 (g ross ) .  I f  such a 
l e v e l  of s a l e s  and product ion w i l l  come t r u e  depends of course mainly 
on which p r i c e s  the  indus t ry  s e t s  on i t s  output.  But s i n c e  wood c o s t s  f o r  
most products make UP more than  50 per  cen t  of t o t a l  c o s t s ,  t h i s  means 
t h a t  t o  a g r e a t  e x t e n t  i t  i s  a ques t ion  of t he  p r i c e  e l a s t i c i t y  of 
wood supply ve r sus  t h e  e l a s t i c i t y  of demand on indus t ry ' s  products .  
Unused r e se rves  
The indus t ry  has paid g r e a t  a t t e n t i o n  t o  f i n d  o u t  how wood supply can 
be augmented. Import of wood-chips has been increased and now amounts 
3 t o  3 m i l l i o n  m3 (whereas export  canes up t o  2 m i l l i o n  rn ). This i s  
however not  expected t o  be poss ib l e  t o  s u b s t a n t i a l l y  inc rease  any 
f u r t h e r .  Another f iber-source which has been thoroughly inves t iga t e2  
i s  waste-paper. Some papexmills have t h e  l a s t  years  inves ted  i n  
capac i ty  f o r  deinking of newspapers and magazines. The unused amount 
which could be recycled i s  est imated t o  about 300,000 tons.  This  
3 
means a saving of more than  ha l f  a m i l l i o n  m wood. 
A very s i g n i f i c a n t  reserve  i s  t he  biomass which i s  now l e f t  i n  the  
f o r e s t s  a f t e r  t h e  f e l l i n g s .  The t o t a l  volume of t h i s  is  estimated a t  
3 35 mi l l ion  m . For eco log ica l ,  technological  and economical reasons 
3 
most of t h i s  cannot be taken charge o f .  Some 7 mil l ion  m , mainly 
s tubs ,  roots  and small t r e e s  from th innings ,  can be used f o r  pulp 
and p a r t i c l e  board. This volume and 9-10 mi l l ion  m3 i n  addi t ion  can 
a l s o  be used. a s  f u e l .  
Forest  growth can be increased i n  the  long run, through b e t t e r  p lan t ing  
methods, more fast-growing p lan t s ,  th innings ,  e t c . ,  a s  well  a s  i n  the  
"short" run of about 10 years ,  p a r t i c u l a r l y  through dra in ing and 
f e r t i l i z i n g .  
These measures have the  disadvantage of r a i s i n g  marginal cos t s  i n  
fo res t ry .  Col lec t ing  and t r anspor t  c o s t s  f o r  whole-tree components 
a r e  i n  some cases f u l l y  comparable with those of conventional round- 
wood, but  t y p i c a l l y  they l i e  above. A more in tens ive  f o r e s t r y  is  not 
only associa ted  with higher investment cos t s  but  a l s o  with a s i g n i f i c a n t  
degree of uncer ta in ty  regarding the  e f f e c t s  on environment and on the  
s e n s i t i v i t y  f o r  d i seases ,  weather, e t c .  
Hence the re  i s  a c o n f l i c t  between t h i s  way t o  inc rease  supply and the  
low p r i c e  on indus t ry ' s  output which i s  required t o  maintain and increase  
market squares. Since Sweden is already using more marginal land and 
more in tens ive  c u l t i v a t i o n  methods than the  main and price-leading com- 
p e t i t o r s ,  t h i s  c o n f l i c t  is l i k e l y  t o  be c r u c i a l .  
One way t o  ge t  around t h i s  dilemma, from indus t ry ' s  point  of view, i s  
t o  l e t  t a x  payers subs id ize  f o r e s t r y .  I f  t h i s  i s  t he  s t r a t e g y  o f ' t h e  
indust ry ,  i t  has apparently been r a t h e r  successful  during the  l a s t  years .  
The "balance philosophy" 
There i s ,  however, another way t o  increase  supply without r a i s i n g  
marginal e o s t s . l )  This is t o  loose t h e  t i g h t  connection between annual 
growth and cu t t ings .  Because of a  favourable age d i s t r i b u t i o n ,  with a 
high por t ion  of fully-grown t r e e s  (and, on the  o ther  s i d e ,  a  small 
1) A number of q u a l i f i c a t i o n s  should be made t o  t h i s  s tatement,  but  
I omit them here.  
por t ion  of m e d i m o l d  t r e e s ) ,  it i s  poss ib l e  t o  g r e a t l y  inc rease  
f e l l i n g s  f o r  one o r  two decades on non-marginal land. 
A r e l axa t ion  o f  t h e  upper bound c o n s t r a i n t s  on f e l l i n g s  was a c t u a l l y  
proposed i n  1973 i n  an o f f i c i a l  r epor t  t o  the  government. Two main 
arguments were pu t  i n  favour of t h i s  proposal:  
The f i r s t  p o i n t  was t h a t  i t  i s  a  bad use of c a p i t a l  t o  keep a  b i g  
amount of  slow-growing t r e e s .  The money they r ep resen t  can be used 
i n  more p r o f i t a b l e  ways. Promising market p ro jec t ions  a t  10 t o  20 
yea r s '  s i g h t  and a  l a r g e  i n d u s t r i a l  capac i ty  guarantee t h a t  i t  w i l l  
r e a l l y  be poss ib l e  t o  t r a n s f e r  t he  o ld  f o r e s t  c a p i t a l  t o  o t h e r  uses.  
The second po in t  concerned t h e  long-run out look f o r  forest-based 
indus t ry .  According t o  t h e  r e p o r t  t h e r e  a r e  two b i g  t h r e a t s  t o  sur- 
v i v a l  i n  the  development of var ious  s u b s t i t u t e s  t o  paper  and wood 
a r t i c l e s  (such a s  e l e c t r o n i c s ) ,  and t h e  ongoing bu i ld ing  o f  t h e  i n f r a -  
s t r u c t u r e  necessary f o r  low-cost pulping i n  t r o p i c a l  coun t r i e s  (where 
t r e e s  do not j u s t  l i v e  on t h e  c h a r i t y  of t h e  Golf Stream and where. f o r  
t h a t  reason growth i s  cons iderably  more r ap id  than  i n  Sweden). 
This long-run unce r t a in ty ,  t h e  r e p o r t  concluded, i s  another. good 
argument f o r  us ing  up t h e  c u r r e n t  su rp lus  of o ld  t r e e s .  Another 
pol icy  impl ica t ion ,  i t  could be  added, is not  t o  i n i t i a t e  l a r g e  s c a l e  
investment programmes and t o  mainly r e s t  on investments wi th  s h o r t  
pay-off time. 
The repor t  was immediately met by very s t r o n g  c r i t i c i s m  claiming 
t h a t  t h e  po l i cy  proposedwastoo shor t -s ighted .  A new a n a l y s i s  by a  
new group was i n i t i a t e d .  The f i n a l  r e ~ o r t  of t h i s  group was de l ive red  
i n  1978. It advocated a  very comprehensive and c o s t l y  investment 
programme (which t o  a  l a r g e  ex ten t  would be  f inanced by loans and sub- 
s i d i e s  from t h e  government). This was due t o  c r i t i c i s m  of among -0th-  
e r  t h ings  t h e  environmental a spec t s  not f u l l y  adopted by t h e  parl iament .  
There were, however, no elements i n  t h e  f i n a l - d e c i s i o n  t h a t  could remind 
anyone of t h e  1973 proposal .  
The r e p o r t  formulated t h e  ob j ec t  of po l i cy  a s  t o  ach ieve  a  h igh  
and smooth long-run product ion.  A s  an ope ra t i ona l  d e f i n i t i o n  of t h e  
long-range a s p e c t ,  a  p roduct ion  programme was demanded t o  produce a  
volume of  biomass i n  2070 a s  l e a s t  a s  b i g  a s  100 y e a r s  e a r l i e r .  The 
choice  of t h i s  c r i t e r i o n  was no t  motivated,  a l though i t  means a  
s i g n i f i c a n t  r e s t r i c t i o n  on t h e  dynamics of t h e  f o r e s t r y  ( t h e  growth 
per iod  of a  t r e e  i s  longer  than 100 y e a r s  i n  l a r g e  p a r t s  of t h e  
count ry) .  
The r e p o r t  d id  no t  go deeper  i n t o  t h e  ques t i on  of what should be  
meant by a  smooth product ion over  t i m e .  P a r t i c u l a r l y ,  no th ing  i s  
s a i d  about what wood supply i s  requi red  t o  g e t  some s o r t  of even 
development of employment i n  i ndus t ry .  The r e p o r t  a ccep t s ,  however, 
no l a r g e  d i f f e r e n c e  between growth and h a r v e s t  i n  any pe r iod .  I n  t h e  
. a l t e r n a t i v e  s cena r io s  t h a t  were s t u d i e d  t h e  biomass i s  i n  no c a s e  
allowed t o  decrease  t o  less t han  10 per  c e n t  under t h e  1970 l e v e l .  
An a l t e r n a t i v e  product ion  s t r a t e g y  
This "balance philosophy' '  i s  however no t  n e c e s s a r i l y  a  good approxima- 
t i o n  t o  a  p o l i c y  t h a t  g ives  a  h igh ,  even and long-range product ion .  
This  i s  shown i n  f i g u r e s  2  and 3 .  
Figure  2 
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Production progrannnes 1, 2 and 3 a r e  t h e  ones which were s tud ied  
i n  t h e  r e p o r t .  Programme 1 i s  t h e  re ference  scena r io ,  which assumes 
an unchanged investment l e v e l  and a  cons tant  product ion over  time. 
Progrannne 2 is t h e  recotmended programme, where f o r e s t  growth and 
c u t t i n g s  a r e  success ive ly  r a i s e d  a s  a  r e s u l t  of t h e  la rge-sca le  in- 
vestment programme. Programme 3 g ives  a  smal le r  product ion than  i n  
t h e  r e fe rence  scena r io  because of a  h igher  ambition t o  t a k e  environ- 
mental conservat ion i n t o  cons idera t ion .  
The d i f f e r e n t  s t r a t e g i e s  were s tud ied  i n  a  very d e t a i l e d  computer model 
desckibing t h e  f o r e s t  growth. Given a s p e c i f i c a t i o n  of c u t t i n g s  and 
var ious  growth-promoting a c t i v i t i e s  on d i f f e r e n t  types of land ,  t h e  
model makes a  t e n  yea r  f o r e c a s t  of t h e  development of t h e  t o t a l  bio- 
mass. The runnings can be repeated t o  g e t  very long f o r e c a s t s .  
A s  a comparison t o  t h e  t h r e e  a l t e r n a t i v e s  i n  t h e  r e p o r t ,  a  f o u r t h  
programme, programme H ,  has been s tud ied  i n  t h e  model on my reques t .  
This  follows t h e  s t r a t e g y  of t h e  1973 r e p o r t .  Cut t ings  a r e  high during 
t h e  next  two decades and then go down. Investments a r e  t h e  same as  i n  
t h e  r e fe rence  scenar io .  
Figure 3 shows t h e  outcome. The t o t a l  volume of t h e  biomass i s  f a l l i n g  
f a s t e r  i n  programme H ,  compared t o  t h e  o t h e r s , ' t i l l  t h e  t u r n  of t h e  
century.  From then ,  however, i t  i nc reases .  This  growth i s  more rapid  
and s t a r t s  e a r l i e r  than i n  t h e  "balance scenarios".  A t  t h e  te rminal  
d a t e  t h e  s tock  is  not  j u s t  h igher  than t h e  1970 l e v e l  but  a l s o  exceeds 
t h e  s tock  of t he  o t h e r  programx&s. This r e s u l t  i s  of course due t o  lower 
average age of t h e  t r e e s  (and t h e r e f o r e  h igher  growth r a t e s ,  which i s  
t h e  r e s u l t  of t h e  f e l l i n g s  dur ing  t h e  f i r s t  two decades).  
Figure 3 
Total biomass, 
million m3 (gross) 
I 
I 
, Year 
1980 2000 2020 2040 2060 
Progranrme H gives a wood supply during the next decade which will 
suffice for full utilization of the current capacity in industry. 
A sharp and immediate reduction in capacity, which is necessary even 
in alternative 2, can be avoided. This means that no new investment 
funds are required to replace production and employment opportunities 
in rather new plants which are scrapped before they otherwise would 
be. From this point of view alternative H is the most "smooth" 
programme. 
Programme H also, as figure 3 showed, fulfils the "long-range" 
criteria of the report. It is even a strong candidate for being the 
"best" programme.1) If timber prices are assumed to be constant over 
1) To choose the "best" it is necessary to make specified assumptions 
about the costs associated with the adjustments to a changing 
harvest level, future prices (or "social valuation") on timber and 
the rate of interest. 
the 90 year period, the discounted value of alternative H is higher than 
that of alternative 1 at every non-negative rate of interest. At 
an interest rate of 5 per cent the discounted value of the gross 
income of alternatives H and 2 breaks even. The costs of the latter 
are considerably higher so net incomes will break even on a lower, 
perhaps not even positive, rate of interest. A high uncertainty re- 
garding future prices (which raises the risk premium of the interest 
rate) or an expectation of falling prices in the long run will make 
progranme H even more favourable. 
From the environmental aspect, alternative H will mean a larger total 
harvested area the next two decades. Since fellings have many negative 
effectson the environment, this is a great disadvantage. On the other 
hand, the very criticized measures in alternative 2 will be cancelled 
or at least postponed. Even a short delay is useful, since a main cri- 
ticism is that too little research has been devoted to the ecological 
and long-run effects of that alternative before implementation. 
~ndustry 's short-run demand function 
The seeds of policy H have hitherto not fallen into good grounds. 
The problem of raw materials shortage remains. Thus, the next question 
is to what extent this is worsened by the foreseen new (rather re- 
turned) competition from heating stations. 
The problem can be illustrated by a simple supply-demand scheme. 
The E-E-curve in figure 4 represents industry's demand for wood, 
while U-U is the supply curve. The equilibrium is established in point 
J at the quantity J and the price p. Now the heating station's demand, 
E'-E, is introduced. The heating stations can bid a higher price 
than some of the industry plants. The market demand is therefore the 
broad line E-E'. The new equilibrium means a higher price and a 
smaller quantity, OA, for industry. 
The industry's demand curve is possible to estimate on the basis 
of the plant specific information which is the input to the offi- 
cial industry statistics. 
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Figure 5 shows a group of p l a n t s  arranged i n  order  of f a l l i n g  
a b i l i t y  t o  pay f o r  one u n i t  of wood input .  The a b i l i t y  t o  pay, 
t he  he ig th  of each s t a p l e ,  i s  t he  maximum p r i c e  a  p l a n t  can pay 
f o r  t h e  wood when o the r  v a r i a b l e  c o s t s  a r e  paid.  I n  normal cases,  
the  p l a n t  a l s o ,  bes ides  the  c o s t  of t h e  wood input ,  can cover 
f ixed  c o s t s  and a c e r t a i n  p r o f i t .  But i n  t h e  marginal  p l a n t  t o  
the  r i g h t  i n  the  f i g u r e  only the  v a r i a b l e  c o s t s  a r e  covered. This. 
p l a n t  i s  s h u t  down i f  t h e  p r i c e  P on wood i s  r a i s e d .  R 
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The E -E* curve formed by the staples is the industry's demand curve. R R 
The price PR and the quantity V5 is the market equilibrium that is 
established by the demand curve and a supply curve V -U. If the 5 
supply is diminished, i.e.'the supply curve is shifted to the left, 
a new equilibrium will be set implying a higher price, a smaller 
quantity of wood input and closing of one (or a part of it) or more 
plants to the right in the figure. 
This scheme is of course a simplification. Besides the measurement 
problems - to measure the expected prices and costs and the opportunity 
costs which are relevant to the decision maker - shutdowns is only 
one of a number of possible reactions to a higher wood price. Other 
ways can be to improve the efficiency, change output composition, 
close down one or two production lines etc. This means that the 
curve E -E* underestimates theixrdustry's ability to pay. This bias R R 
is however not likely to be very large. 
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I have es t imated  t h e  1979 demand curve1) wi th  a l i n e a r  programming 
technique.  The r e s u l t s  a r e  shown i n  f i g u r e  6. The o u t e r  curve a p p l i e s  
t o  f u l l  capac i ty  u t i l i z a t i o n  i n  a l l  p l a n t s ,  whi le  t h e  inne r  curve i s  
est imated ori t h e  assumption of 85 per  cen t  u t i l i z a t i o n .  From these  
curves we can  l e a r n  t h a t  a not  i ncons ide rab le  p a r t  of t h e  indus t ry  
i s  run  wi th  a d e f i c i t  i n  n e t  income when ope ra t ion  c o s t s  a r e  deducted. 
A t  a wood p r i c e  of 160 Swedish crowns these  p l a n t s  corresponded t o  
more than  10 per  cen t  of t h e  used wood. This  i s ,  wi th  some except ions,  
t he  p l a n t s  t h a t  a r e  i n  a n  h e d i a t e  danger of being c losed  (and 
perhaps being rep laced  by new investments  on t h e  same loca t ions ) .  
I have a l s o  es t imated  demand curves f o r  each of t h e  t h r e e  reg ions  
shown i n  t h e  map which accompanies t a b l e  1. The r e s u l t s  are summarized 
i n  f i g u r e  7. The l o s s e s  of jobs i n  c 1 0 s e d ' ~ l a n t s  t h a t  are as soc ia t ed  
wi th  a c e r t a i n  p r i c e  on wood a r e  shown i n  t h e  f i g u r e .  It  can  be seen  
t h a t  t h e  "employment e l a s t i c i t y "  i s  ve ry  high i n  r eg ion  1, t h e  no r the rn  
p a r t  of Sweden, and cons iderably  lower i n  t h e  two o t h e r  reg ions .  A t  a 
p r i c e  of 193 Sw. c r s . , p l a n t s  wi th  more than  6,000 employees a r e  s h u t  
down. This  i s  two t h i r d s  of t he  i n d u s t r y ' s  t o t a l  employment i n  t h e  
reg ion .  About 5,200 jobs d isappear  i n  t h e  i n t e r v a l  between 150 (which 
roughly i s  t h e  c u r r e n t  p r i c e )  and 193 Sw. c r s .  The corresponding 
f i g u r e  i n  r eg ion  1 i s  about 700 and i n  r eg ion  2 about  150. 
Decrease of t h e  7.000 
number of employees 
1 .ooo 
Figure  7 
1 )  Sawmills' demand and demand on leafwood i s  no t  included,  bu t  
f o r  a number of reasons  t h i s  i s  no t  important  f o r  t h e  use  made here.  I 
These results from the regional estimations are very interesting, 
since the costs of transporting for instance wood chips are rather 
high. The very dominant part of the country's population and thus 
the house heating plants are located to the southern and middle 
regions. In these regions it will be necessary for the heating 
plants to pay a very high price to get wood which is now used in 
the industry. This result indicates that an increase of the wood- 
based heating will mainly be limited to woodfuels which are of no 
use for industry - and this even without any regulation. This does 
not mean that there is nascope for wood-based heating. The unused 
reserves of tree components that are in "technical, economical 
and ecological scope" for this use are estimated to 16-17 million 
cubic meters. This corresponds to 10 per cent of Sweden's oil con- 
sumpt ion. 
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APPLICATIONS OF SYSTEMS ANALYSIS I N  U.S. FOREST SERVICE 
ASSESSMENTS AND PLANNING 
Clark  Row 
USDA Fores t  Se rv i ce  
Washington, DC, USA 
I n  r ecen t  y e a r s  t h e  U.S. Fores t  Se rv i ce  has developed and used a  number of sys- 
t e m  a n a l y s i s  a p p l i c a t i o n s  f o r  both n a t i o n a l  and r e g i o n a l  modeling of t h e  f o r e s t  
s e c t o r  and i n  f o r e s t  management. Those t h a t  t h i s  paper w i l l  d i s c u s s  a r e  t hose  
used i n  a s s e s s i n g  t h e  n a t i o n a l  t imber  s i t u a t i o n  and i n  t h e  d e t a i l e d  planning of  
t h e  p u b l i c l y  owned Nat iona l  F o r e s t s  under t h e  management of  t h e  Fo re s t  Serv ice .  
The Fores t  Serv ice ,  a  component of t h e  U.S. Department of  Agr icu l ture ,  is re- 
spons ib l e  f o r  much of t h e  n a t i o n a l  s i t u a t i o n  assessment and planning done i n  
t h e  f o r e s t r y  s e c t o r ,  a s  w e l l  a s  admin i s t r a t i on  of  s i g n i f i c a n t  a r e a s  of  f o r e s t  
(about 74 m i l l i o n  h e c t a r e s ) ,  a  v a r i e t y  of  a s s i s t a n c e  programs t o  p r i v a t e  land- 
owners, and f o r e s t r y  r e sea rch .  New l e g i s l a t i o n  passed i n  t h e  l a s t  f i v e  yea r s  
has  requi red  t h a t  p rev ious  t ypes  of ana lyses  and planning be broadened and 
s t rengthened.  This  could no t  have been p o s s i b l e  without widespread u s e  of sys- 
t e m s  a n a l y s i s .  
A number of a d d i t i o n a l  systems have been app l i ed  t o  s p e c i a l i z e d  a p p l i c a t i o n s  
and i n  r e sea rch .  These w i l l  not  be d i scussed .  Many of t h e  a p p l i c a t i o n s  d i s -  
cussed have n o t  y e t  been publ ished i n  f u l l  d e s c r i p t i v e  form i n  t h e  t e c h n i c a l  
1 i t e r a t u r e .  
The concerns of t h e  Fo re s t  Se rv i ce  i nc lude  a l l  o u t p u t s  frcm f o r e s t  and n a t u r a l  
range l ands ,  n o t  j u s t  t imber.  This  r e q u i r e s  t h a t  w e  employ systems a n a l y s i s  
models of o t h e r  resources--water,  range,  w i l d l i f e ,  and r e c r e a t i o n .  Often t h e s e  
were developed p r i m a r i l y  f o r  a g r i c u l t u r a l  a n a l y s e s  and w i l l  no t  be d e s c r i b e d  
here .  Of major importance is  t h a t  t h e  t a s k  of planning Na t i ona l  Fo re s t  a r e a s  
f o r  m u l t i p l e  s imul taneous  o u t p u t s  ha s  s t r e t c h e d  our  c a p a b i l i t i e s  of systems 
a n a l y s i s  t o  t h e  f u l l e s t .  However, w i thou t  such  t e chn iques ,  a n a l y s e s  t h a t  m e e t  
t h e  requ i rements  of t h e  l e g i s l a t i o n  would no t  b e  p o s s i b l e .  
I n  t h e  fo l l owing  b r i e f  d e s c r i p t i o n s  of  a p p l i c a t i o n s  I w i l l  a l s o  ment ion a r e a s  of 
a c t i v e  systems development. 
App l i c a t i ons  i n  r e s o u r c e  s i t u a t i o n  assessment  
The o b j e c t i v e  of  t h e  F o r e s t  S e r v i c e ' s  r e s o u r c e  assessment  j u s t  completed t h i s  
y ea r  (USDA Fore s t  S e r v i c e  1980b) i s  t o  measure t h e  c a p a b i l i t y  of t h e  r e s o u r c e s  
covered t o  produce bo th  market and nonmarket o u t p u t s ,  t h e  t r e n d s  of r e s o u r c e  
cond i t i ons ,  demands f o r  o u t p u t s ,  and l i k e l y  a v a i l a b i l i t y  of  supply ,  and where 
p o s s i b l e  p r o j e c t i o n  t h e  t r e n d  of e q u i l i b r i u m  market p r i c e s  assuming c o n t i n u a t i o n  
of b a s i c  r e s o u r c e  management t r e n d s ,  economic growth t r e n d s ,  and o t h e r  f a c t o r s .  
Th is  w a s  p o s s i b l e  t o  va ry ing  d e g r e e s  f o r  e ach  r e sou rce .  For some nonmarket out-  
p u t s  d a t a  a v a i l a b i l i t y  and a n a l y t i c a l  t o o l s  s h a r p l y  l i m i t e d  t h e  a n a l y s i s .  A 
d e t a i l e d  d e s c r i p t i o n  of  U.S. approaches  d i s c u s s e s  t h e s e  l i m i t a t i o n s  and t h e  
h i s t o r i c a l  development of t h e  methodology (Row 1977).  For t imber ,  however, t h e  
assessment  covered a l a r g e  number of  f a c t o r s  and w a s  publ i shed  i n  c o n s i d e r a b l e  
d e t a i l  s e p a r a t e l y  (USDA Fore s t  S e r v i c e  1980a).  
The systems a p p l i c a t i o n  models do not  f a l l  i n t o  easy c a t e g o r i e s .  Some accomp- 
l i s h e d  l imi t ed  t a s k s ,  whi le  o t h e r s  i n t eg ra t ed  d i v e r s e  information and r e s u l t s  
of o t h e r  models. Five a s p e c t s  of t h e  assessment were heav i ly  dependent on 
models. 
Demands f o r  processed timber products.  Basic d a t a  on pas t  consumption, expor t s ,  
and p r i c e s  of processed timber products  were assembled from a v a r i e t y  of s t a t i s -  
t i c a l  sources  and o r i g i n a l  surveys.  The primary a n a l y t i c a l  t echniques  were 
econometric procedures.  One system, however, m e r i t s  s p e c i a l  a t t e n t i o n .  
The demand f o r  r e s i d e n t i a l  housing was pro jec ted  by a system c a l l e d  HOUSE 
(Marcin 1972). Using demographic s imula t ion  techniques  t h e  model p r o j e c t s  t h e  
number of v a r i o u s  types  of households by c h a r a c t e r i s t i c s  r e l a t e d  t o  t h e i r  
p reference  of t ype  of housing. Using changes i n  preferences  and economic con- 
d i t i o n s ,  a s  w e l l  a s  t h e  inventory  of housing u n i t s ,  allowed p r o j e c t i o n  of t h e  
need f o r  new housing of v a r i o u s  types.  
Supply of t imber f o r  harves t .  Like t h e  demand f o r  wood-based products ,  t h e  
supply of t imber i s  a t o p i c  t h e  Fores t  Se rv i ce  has  analyzed p e r i o d i c a l l y  f o r  
many decades, a s  w e l l  a s  c o l l e c t e d  t h e  bas i c  r e sou rce  d a t a .  The bas i c  projec-  
t i o n  system is  t h e  Timber Resource Analyses System (TRAS) (Larson and Goforth 
1970) developed seve ra l  yea re s  ago. It i s  a t imber s tand  p r o j e c t i o n  technique 
us ing  growth, m o r t a l i t y ,  and ha rves t  f a c t o r s  and t r e n d s  by timber s i z e  c l a s s .  
Research has  developed a number of p o t e n t i a l  improved procedures  f o r  t h e  dynamic 
p r o j e c t i o n  of r eg iona l  t imber r e sou rce  s i t u a t i o n s .  One of t h e  cha l lenges  of 
f u t u r e  systems a n a l y s i s  a p p l i c a t i o n s  i s  t o  eva lua te ,  improve, and make such 
new approaches ope ra t iona l .  
Processing timber i n t o  processed products.  Current ly our knowledge of t h i s  a rea  
is embodied i n  a s e r i e s  of c o e f f i c i e n t s  and f a c t o r s  f o r  product conversion, log- 
ging, processing, and t r a n s p o r t a t i o n  c o s t s ,  and c o n s t r a i n t s  on l o c a t i o n a l  s h i f t s  
over  t ime . 
These types  of information i s  used by the  TAMM model described i n  t h e  next  sec- 
t i o n ,  but  may be incorporated i n t o  a major model of t h e  U.S. timber processing 
i n d u s t r i e s .  
Market equi l ibr ium analyses.  A bas ic  problem encountered by t h e  assessment of 
t h e  timber s i t u a t i o n  w a s  a method t o  s imula te  t h e  supply-demand equi l ibr ium over 
a number of decades. The b a s i c  t o o l  developed, t h e  Timber Market Assessment 
Model (TAMM) (Adams and Haynes 1979), s imula tes  t h e  e n t i r e  softwood timber 
economy. It provides f o r  t h r e e  s t a g e s  of production, s i x  demand regions ,  n ine  
supply regions.  
The s o l u t i o n  procedure f o r  t h e  TAMM model uses  r e a c t i v e  programming, and imple- 
mentation of quadra t i c  programming t h a t  i t e r a t i v e l y  t e s t s  components t o  see  i f  
they improve t h e  so lu t ion ,  a l e a s t  c o s t  objec t ive .  
This systems a p p l i c a t i o n  has proved invaluable  f o r  both t h e  assessment and f o r  
a number of po l i cy  analyses.  A major e f f o r t  of t h e  Fores t  Serv ice  w i l l  be t o  
improve and extend t h e  system. 
Multi-resource i n t e r a c t i o n s .  One q u i t e  apparent  f a c t  is that t h e  land r e source  
base  i n  U.S. f o r e s t r y  and range cannot produce a l l  t h e  o u t p u t s  f o r  which t h e r e  
is demand. Various u s e s  a r e  a c t i v e l y  competing f o r  t h e  a l l o c a t i o n  of land .  I n  
an at tempt  t o  a s s e s s  t h e s e  t r a d e o f f s  t h e  Fores t  Se rv i ce  developed t h e  Multi- 
resource  Use I n t e r a c t i o n  Model (Ashton 1980). This is a  l i n e a r  programming 
a p p l i c a t i o n  wi th  a c t i v i t i e s  r ep re sen t ing  a  ve ry  l a r g e  number of e x i s t i n g  and 
p o t e n t i a l  land management regimes f o r  a  d e t a i l e d  c l a s s i f i c a t i o n  of land. This 
system a l s o  is undergoing major refinement.  
Management Planning f o r  t h e  National  Fores t s .  New U.S. l e g i s l a t i o n  has a l s o  
requi red  a  g r e a t  expansion of systems development a p p l i c a t i o n  i n  National  
Fores t  planning. 
The planning i s  being done i n  a  c y c l i c a l  t ime schedule w i th in  t h e  he i r a rchy  of 
planning u n i t s .  A t  t h e  t op  is a  n a t i o n a l  plan ( c a l l e d  t h e  RPA plan ,  f i n i shed  
i n  1980). Objec t ives  and t a r g e t s  w i l l  be  disaggregated t o  r eg ions  (9  adminis- 
t r a t i v e  a r e a s ) ,  and 121  a d m i n i s t r a t i v e  National  F o r e s t : u n i t s .  
The d e t a i l e d  land and r e source  management p l ans  t o  be developed by each National  
Fores t  by 1984 must provide  a l t e r n a t i v e s  t h a t  meet t h e  t a r g e t s  ( i f  economically 
f e a s i b l e ) ,  bu t  of cou r se  a t  va r ious  c o s t s .  Some a l t e r n a t i v e s  may show that in-  
d i v i d u a l  f o r e s t s  may exceed t h e i r  assigned t a r g e t s .  I n  a d d i t i o n  t h e r e  a r e  
numerous o the r  f a c t o r s ,  i s sues ,  and concerns t h a t  w i l l  i n f luence  t h e  a l t e r n a t i v e  
recommended o r  chosen f o r  each f o r e s t .  
Nat ional  and r e g i o n a l  planning. The b a s i c  systems t o o l  f o r  budget planning used 
i n  t h e  r ecen t  RPA ana lyses  and i n  r eg iona l  planning is ADVENT (Kirby 1978). It 
i s  a l s o  a  l i n e a r  programming a p p l i c a t i o n  i n  which t h e  a c t i v i t i e s  a r e  p o t e n t i a l  
major program d i r e c t i o n s  i n  a  number of a r e a s  by geographica l  u n i t s .  The con- 
s t r a i n t s  a r e  budget c o s t s  and output  t a r g e t s .  It a l s o  computes measures of 
economic e f f i c i e n c y  (p re sen t  n e t  va lue  and r a t e  of r e t u r n ) .  The model was 
e f f e c t i v e l y  used t o  a s s e s s  program t r a d e o f f s  and s imu la t e  c o s t  curves  f o r  each 
output .  
Nat ional  Fores t  Planning. Because t h e  planning of Nat iona l  F o r e s t s  r e q u i r e s  
de te rmina t ion  of long-term management p r e s c r i p t i o n s  by d e t a i l e d  a n a l y s i s  a r e a s ,  
a  more comprehensive approach was r equ i r ed  f o r  Nat iona l  Fores t  planning. 
A l i n e a r  programming a p p l i c a t i o n  c a l l e d  FORPLAN (Johnson and Jones 1979) was 
developed from predecessor  models t h a t  merely a l l o c a t e d  and scheduled management 
on t h e  b a s i s  f o r  t imber ,  p a r t i c u l a r l y  TIMBER-RAM (Navon 1971). Over t h e  l a s t  
s e v e r a l  yea r s  FORPLAN has been r e f i n e d  t o  permit g r e a t e r  f l e x i b i l i t y  i n  manage- 
ment p r e s c r i p t i o n s ,  input  op t ions ,  c o s t  and p r i c e  r o u t i n e s ,  and t a r g e t  and 
s p a t i a l  c o n s t r a i n t s .  
The Fores t  Se rv i ce  is r e q u i r i n g  that FORPLAN be used on a l l  Nat ional  Fores t s .  
Deta i led  i n s t r u c t i o n s  on p repa ra t i on  of i npu t  and formula t ion  of a l t e r n a t i v e  
sets of c o n s t r a i n t s  a r e  being formulated. The economic g u i d e l i n e s  c a l l  f o r  an  
o b j e c t i v e  f u n c t i o n  t h a t  maximizes t h e  p re sen t  n e t  v a l u e  of t h e  f o r e s t  t o  soc i e ty .  
I n  a p p l i c a t i o n  t o  e a r l y  p l ans  of Nat iona l  Fo re s t s ,  FORPLAN problems have been 
immense. Matr ix  s i z e s  have ranged upward t o  5,000 rows and 22,000 columns. 
The b a s i c  r o l e  of t h e  FORPLAN system is t o  gene ra t e  such ma t r i ce s  and he lp  in- 
t e r p r e t  t h e  r e s u l t i n g  op t imal  s o l u t i o n s .  
One major t a s k  f a c i n g  t h e  Fores t  Se rv i e  is t o  implement t h i s  FORPLAN system i n  
a  comprehensive, c o n s i s t e n t ,  and v a l i d  manner. It is a l r e a d y  q u i t e  apparent  
t h a t  we have major gaps i n  our knowledge i n  b io logica l -phys ica l  responses,  
l o c a l  economic systems, and t h e  c o s t  func t ions  of our  organiza t ions .  
An aspec t  of f o r e s t  planning t h a t  FORPLAN does no t  nowithandle adequately is t h e  
des ign  of t r a n s p o r t a t i o n  systems. Severa l  mixed i n t e g e r  programming systems 
a r e  under development c u r r e n t l y  ( s e e  King 1980). Whether they w i l l  be used t o  
develop t r a n s p o r t a t i o n  a l t e r n a t i v e  subplans f o r  FORPLAN o r  be i n t e g r a t e d  i n t o  
FORPLAN is no t  known a t  t h i s  time. 
The Forest  Se rv i ce  has  a l s o  developed a  s p e c i a l  input /output  model t o  measure 
t h e  impacts of each a l t e r n a t i v e  on l o c a l  and r e g i o n a l  economies. It uses  a  
d a t a  base that i nc ludes  a  t r a n s a c t i o n  mat r ix  f o r  each of t h e  3100 l o c a l  c o u n t i e s  
i n  t h e  United S t a t e s .  
Spec ia l ized  planning i n  t h e  Fores t  Serv ice  a l s o  uses  geographical  d a t a  base 
systems, t imber growth and y i e l d  models, eco log ica l  i n t e r a c t i o n  models, road 
des ign  models, p e s t  and f i r e  c o n t r o l  and suppress ion  models. 
Summary 
This  b r i e f  d i scuss ion  of a p p l i c a t i o n  of systems ana lyses  i n  U.S. Fores t  Se rv i ce  
assessments  and planning i l l u s t r a t e s  both  t h e  ea rnes tnes s  of our  e f f o r t s ,  bu t  
a l s o  some of t h e  shortcomings of present  approaches and work t h a t  needs t o  be 
done. 
Implementation of t h e s e  systems on an ope ra t iona l  b a s i s  i s  proving t o  be d i f f i -  
c u l t .  The systems have t o  be put  on a d a i l y  ope ra t iona l  b a s i s ,  w i th  cons t an t  
a t t e n t i o n  t o  even minor de fec t s .  Adequate documentation is  d i f f i c u l t  t o  pre- 
pa re  and keep up t o  d a t e .  Hundreds of p r o f e s s i o n a l ~  have t o  be t r a i n e d  on 
systems a n a l y s i s  p r i n c i p l e s  and on us ing  s p e c i f i c  programs. Its a major chal-  
l enge  f o r  t h e  yea r s  ahead. 
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SPATIAL INTEGRITY 
IN FOREST PLANNING MODELS 
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Abstract: Accurate forest planning depends largely upon spatial infor- 
mation. Yet many of the more commonly advocated forest planning models 
either treat spatial data as though they were space-independent or make 
assumptions regarding spatial relationships which cannot be supported. 
This paper reviews the need for spatial integrity in four areas: the 
sizing of forest management units, the definition of management unit 
shape and contiguity, the recognition of environmental restrictions, 
and the implementation of temporal (time/space) requirements. A simple 
model which preserves spatial integrity to some extent and which can be 
implemented as an extension of many presently existing forest planning 
models is introduced. 
Additional Keywords: mathematical programming, optimization, branch 
and bound, forest regulation. 
Introduction 
Forest planning models commonly identify a certain number of 
hectares to be assigned to each of a set of possible silvicultural 
systems over some planning horizon. Such models are usually driven by 
an objective function expressing the desire to find the maximum total 
volume which can be harvested or the maximum total discounted value 
which may be realized from the forest over the planning horizon. Be- 
cause forestry is a science which deals with the management of land areas, 
Paper prepared for presentation at the workshop, "Forestry: Issues 
for the Eighties", sponsored by the International Institute for Applied 
Systems Analysis and held at IIASA headquarters, Laxenburg, Austria, 
January 8-11, 1980. 
accurate forest planning depends largely upon considerations dominated 
by spatial relationships. This paper is largely a plea that the need 
for spatial integrity in forest planning models be recognized and 
incorporated insofar as possible. Toward that end, we will discuss 
the need for spatial realism in four areas: the sizing of forest 
management units, the definition of management unit shape and contiguity, 
the recognition of environmental restrictions, and the implementation 
of temporal (time/space) requirements. Let use consider each of these 
in order. 
Forest Operations and Manaqement Unit Size 
As management unit size (area) increases, the per-hectare amortiza- 
tion of fixed management costs over the area is steadily reduced. Plan- 
ning models often assume that the variable costs of management, such as 
harvesting and reforestation costs, are constant on a per-hectare basis. 
If this model is assumed, then the total cost curve is seen as a mono- 
tonically nonincreasing curve. Suppose, however, that variable costs 
increase on a per-hectare basis as management unit size increases. 
Then the total cost curve has a minimum. Thus, management units can be 
either too small or too large for efficient operation. 
There is good evidence to suggest that unit variable costs do 
increase with increasing management unit size. As an example, consider 
the harvesting component. For a small unit in gentle terrain, ground 
skidding equipment, with low variable costs, may be used. If management 
unit size is increased, more difficult terrain may be included in the 
unit, necessitating the use of cable systems and more elaborate road 
networks, or even the use of helicopters. 
By the same token, silvicultural prescriptions can have a signifi- 
cant impact on management unit size. When cable systems are used, for 
example, operating costs are higher in partial cuts than in clearcuts. 
At the same time, certain fixed costs, such as those associated with 
roads and with moving and emplacement of logging equipment, are also 
higher. This tends to suggest that partial cut units should be some- 
what larger than clearcut units in order to permit amortization of 
these increased fixed costs over an adequate volume of timber. 
A recent study by Sessions (1979) investigated the effect of yard- 
ing distance, a measure of management unit size, on optimal thinning 
and regeneration harvest scheduling. Sessions coupled a computer simu- 
lation routine to estimate harvesting costs with a dynamic programming 
optimization routine. The results of Sessions' analysis for average- 
site Douglas-fir (Pseudotsusa menziesii (Mirb.) Franco) in the Pacific 
Northwest are summarized in Table 1. For Sessions' study area, as unit 
size increases, the number of entries into the stand is reduced as is 
the total volume recovered. Optimal economic rotation in both cases, 
as judged by the soil rent criterion, was 100 years. 
Sessions also showed that total harvesting costs, in dollars per 
cubic meter recovered, are a joint function of the volume harvested per 
hectare and the mean diameter of the stand. Virtually all of the forest 
planning models I have studied in detail, including the large-scale 
models used by the Forest Service, USDA and by several large companies 
in the USA, assume no such effect (Johnson and Scheurman 1977). 
In some cases, certain other management costs, such as reforestation 
cost (Table 2) can be significant and may also depend upon unit size. 
This is especially the case, as shown in Table 2, for hand planting on 
T a b l e  1. Management u n i t  s i z e  a s  a  d e t e r m i n a n t  o f  management 
r e g i m e .  
u n i t s  h a r v e s t e d  by a e r i a l  s y s t e m s  o r  l o n g - r e a c h  c a b l e  s y s t e m s .  
I f  w e  w e r e  t o  p u t  t h e s e  c o s t  e f f e c t s  t o g e t h e r ,  w e  m i g h t  s u g g e s t  a  
s i l v i c u l t u r a l  model s i m i l a r  t o  t h e  o n e  shown i n  F i g u r e  1. I n  t h i s  model ,  
a r e a s  c l o s e r  t o  r o a d s  a r e  t r e a t e d  i n  o n e  way a n d  a r e a s  f a r t h e r  away a r e  
t r e a t e d  d i f f e r e n t l y .  Note t h e  i m p o r t a n c e  o f  t h e  s p a t i a l  r e l a t i o n s h i p  
between t h e  t i m b e r  a n d  t h e  h a u l  r o a d  i n  t h i s  c o n c e p t u a l  model .  
A f i n a l  comment I want  t o  make a b o u t  management u n i t  s i z e  c o n c e r n s  
m u l t i p l e  f o r e s t  u s e s ,  s u c h  a s  t i m b e r  a n d  r e c r e a t i o n .  On p u b l i c  f o r e s t s  
STAND AGE 
(YEARS) 
50 
60 
70 
80 
90 
100 
TOTAL 
b 
VOLUME CUT. rn3/I-i~ 
AYD= 180m 
 HA) 
0 
0 
47 4 
54 
74  
309 
9 16 
AYD-365m ( m 3 1 ~ ~ )  
0 
0 
0 
540 
0 
322 
862 
Table 2. Management unit size and planting costs for one region. 
COSTS ARE $/HA 
SOURCE : MAEDERER 1978 
especially, recreational-use tracts or other exclusive- or dominant-use 
areas must normally be segregated, usually both spatially and visually, 
from management operations. Forest planning models must be structured 
so that they are capable of such special considerations. 
Manaqement Unit Shape 
A criterion which, to the best of my knowledge, has only been 
explicitly considered in one modern forest planning model (Dykstra 1976, 
Dykstra and Riggs 1977) is that of optimal unit shape, or boundary con- 
figuration. Perhaps the most common unit design is the rectangle. It 
may be used in steep, rugged terrain suited to cable systems, or in more 
gentle terrain where ground skidding systems are appropriate. It may 
Figure 1. Conceptual model for silvicultural prescriptions which 
recognizes the spatial dependency of forest management costs. 
be used in patch cuttings or in large-scale clearcuttings. Other units 
are designed by landscape architects to be aesthetically pleasing. 
Neither type of unit may be close to being economically optimal for the 
harvesting system used. Consider two nearby management units to be re- 
generation harvested by cable systems (Figure 2). Though the "natural" 
shape of a cable unit when the yarder operates from a fixed landing is 
circular, one may question where the boundary between the units should 
be placed. One of the important determining factors in this question 
turns out to be topography, and this has almost never been considered 
explicitly in forest planning models. Another important consideration 
is timber type, and especially size and quality of timber relative to 
Figure 2. Interaction between adjacent cutting units. 
landing location. If all of the large timber is located near one 
landing, then optimal unit shape will turn out much differently than if 
the timber is of uniform size and quality. Figure 3 illustrates a case 
study described in Dykstra and Riggs (1977) for a very steep, heavily 
timbered Douglas-fir stand in Western Oregon. Note the irregularity of 
the unit shapes. An interesting corollary to this result is that in 
uniform timber and terrain, optimal unit configuration tends to be 
rectangular. 
Environmental Restrictions 
A consideration of emerging importance in essentially all forest 
planning is that of environmental restrictions. These can have spatial 
significance, as illustrated in Figure 4. Certain laws, such as the 
Figure 3. Optimal harvest unit shapes for a case-study planning 
area in steep, rugged terrain. Numbered sites are landings 
and radial lines represent cableways. 
Oregon Forest Practices Act, and management direction by public agencies 
havebecome sophisticated enough to require different levels of operation 
on various parts of a cutting unit, according to differences in perceived 
environmental hazards. Practices such as the requirement that stream- 
side buffer strips of standing timber be left can have an impact not 
only on harvesting economics but also on unit design. Thus, the modeling 
of spatial reality can be quite important if the integrity of the entire 
model, relative to the real system, is to be preserved. 
Temporal Considerations 
The National Forest Management Act of 1976 placed certain limita- 
tions on the size of units which may be treated by clearcutting on the 
National Forests in the USA. The Forest Service has interpreted this 
Figure 4. Environmental restrictions on a cable yardirg unit. 
Full-suspension zones are along major streams; logs must be 
fully suspended above the stream in those areas. Partial 
suspension is dictated by environmental hazard. 
as including temporal restrictions on harvesting adjacent to existing 
clearcut units (Knapp 1979). As an illustration, Figure 5 shows a 
management compartment with 12 management units. Each of these is to 
be clearcut, one every five years, and at least a decade must elapse 
between the cutting of any two adjacent units. The units have been 
ordered to meet this restriction. A recent planning effort on the 
Six Rivers National Forest in Northern California explicitly recognized 
this kind of restriction (Walker 1979), although not on a unit-by-unit 
basis as shown here. Still, the restriction had a definite impact on 
the harvest prescription for the forest. 
Another temporal consideration is that of learning and forgetting 
Figure 5. Ordering the cutting units in a management compartment 
to meet temporal restrictions on harvesting. 
by logging crews. Figure 6 shows a "learning curve" for a logging crew 
studied over a three-year period. At the beginning of the period the 
crew was assigned to a new cable yarder. The crew's productivity im- 
proved markedly at the beginning of the study and continued to improve, 
though less dramatically, during the entire study period. This result 
has important consequences for the estimation of harvesting costs. 
Most cost-estimating procedures presume that crew productivity is a 
constant, at least in the long run. 
Perhaps even more significantly, the study suggested that, on an 
annual basis, the crew was subject to "forgetting" and had to progress 
somewhat to attain the productivity of the previous year-end. Figure 7 
shows the annual learning curves for the same crew. Each winter the 
crew was shut out of the woods by heavy snow for two to four months. 
Start-up the following spring was thus always accompanied by reduced 
productivity for a time. 
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Conventional Mathematical Proqramminq Models 
We have considered a number of problems related to the spatial 
integrity of forest planning models. Now let us consider just one of 
these problems, management unit size, in the context of the conventional 
forest planning approach. Usually such planning is done, if it is done 
at all, by implementing one of the linear programming formulations 
summarized by Johnson and Scheurman (1977). A variant of these formu- 
lations, which assumes that the firm or agency faces a downward-sloping 
demand curve, uses a quadratic, rather than linear, objective function 
(Walker 1971, Johnson and Scheurman 1977). In either case, however, 
the mathematical programming model would consider the forests shown in 
Figures 8A and 8B to be equivalent. That is, management unit area is 
not explicitly modeled in a spatial sense. This may lead to certain 
significant problems. Any solution must, of course, be implemented on 
the ground. There is no inherent trait in the conventional models which 
would prevent a management prescription being specified for an area of, 
say, 1 hectare (as in Figure 8B). While it might not be impossible to 
undertake management activities on a management unit of such small area, 
it is unlikely that a forest manager would be tempted to do so. Forest 
managers are generally capable of recognizing economies of scale, even 
if the planning models do not. 
Forest planning models with "built-in" spatial integrity may make 
some sense in some instances. An example is the "unit planning" approach 
used in a linear programming mode by Burkhart et al. (1976) and in an 
integer programming mode by Randall (1972). This approach identifies 
management units at the outset and then preserves the identity of these 
units throughout the planning horizon. The question asked by the planning 
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Figure 8. Equivalent mathematical programming representations 
of a forest area. 
model, then, is "what should be the management prescription for each 
of these planning units?" The disadvantage of this approach is that 
unit boundaries are treated as constraints, rather than as decisions. 
Thus, although spatial integrity is guaranteed by this method, "optimal- 
ity" may be spoken of only in a more restrictive sense. 
A Simple Spatial Model 
An alternative mathematical programming formulation may be derived 
which is a straightforward extension of the methods discussed by 
Johnson and Scheurman (1977). Suppose we place restrictions on the 
feasible area permitted for each type of management prescription. This 
might be done by utilizing "if...thenU constraints. As an example, 
define x = hectares assigned to management prescription 1 and x = 1 2 
hectares assigned to management prescription 2. Then, if we decide that 
the minimum area which can be assigned to prescription 1 is 10 hectares 
and the minimum area assignable to prescription 2 is 25 hectares, we 
write 
IF x1 > 0, THEN xl 2 10 
IF x2 > 0, THEN x2 2 25 
These constraints permit xl and x to equal 0, but if they are set to 2 
any greater quantity, then the minimum limits apply. 
There are two difficulties with this simple spatial model, although 
it can be used to adequately reflect minimum (and maximum) management 
unit areas. First, it adds to the number of constraints in the mathe- 
matical programming model. Even worse, though, the constraints are 
discontinuous. It is possible to convert the problem to an equivalent 
0-1 programming problem which can treat these discontinuities (Watters 
1967, Wagner 1969). The cost of the transformation, however, is that 
the number of decision variables and constraints is greatly increased. 
And, of course, we then have a 0-1 programming problem to solve, rather 
than a linear programming problem. 
An alternative solution technique which can be used with the linear 
programming algorithm is illustrated for a forest of 26 hectares and 
the two "if ... then" constraints above in Figure 9. This technique is 
a variant of the "branch and bound" technique developed by Land and 
Doig (1960) for solving integer programming problems. The methodology 
proceeds by first solving an unconstrained problem (i-e., without the 
"if ... then" constraints). The optimal value of x for this solution 1 
(node 1) is acceptable (more than 10 ha), but the optimal value of x2 
is less than the minimum feasible area of 25 ha. Thus, we "branch" on 
I SET pX= $22,800 1 1 X1.26, %;-0 I 
Figure 9. Branch-and-bound solution procedure for the 
problem with "if...thenn constraints. 
variable x setting up two candidate sub-problems at nodes 2 and 5. 2 
The problem at node 2 is the "unconstrained" problem plus the constraint 
x > 25; the problem at node 2 is the "unconstrained" problem plus the 2 - 
contradictory constraint x2 = 0. 
Solving at node 2, we find that we now meet the constraint on x 2 
but we no longer meet the constraint on x 1 ' Thus we form contradictory 
branches on x at nodes 3 and 4. The problem at node 3, however, is 1 
infeasible because it would require that x + x he greater than 26, our 1 2 
area limit. The problem at node 4, on the other hand, is fully feasible 
for the original problem includinq the "if ... then" constraints. Thus we 
terminate this branch and save the value of the objective function at 
node 4 as z * * .  
Although we have found a feasible solution, we have not yet 
determined that it is the optimal solution. To do this, we must consider 
the one possibility not yet considered: that it is "better" to have 
x = 0 than to have x2 2 25. And, as the solution at node 5 shows, it 2 
is clearly not better to do so, thus proving that the optimal solution 
is the one at node 4. 
The major disadvantage of this solution method is that it may 
add slightly or significantly to the computer time required to come 
to a feasible solution. The advantage is that is provides a solution 
more in line with the realities of forest management. Thus far I have 
done very little testing with this approach, although I plan to do 
more in the near future. Actual experience with the solution procedure, 
in the context of real-life forest planning situations, will provide 
a series of benchmarks which can be used to determine whether the 
additional computational and analytical time required for this procedure 
provides sufficient additional spatial integrity to make the effort 
worthwhile. 
Literature Cited 
BURKHART, H. E., W. A. LEUSCHNER, R. D. STUCK, J. R. PORTER, and 
M. R. REYNOLDS. 1976. Aids for Unit Planning on the Appalachian 
National Forests. Division of Forestry and Wildlife Resources, 
Virginia Polytechnic Institute and State University. Publication 
No. FWS-1-76, 20 p. 
DYKSTRA, D. P. 1976. Timber Harvest Layout by Mathematical and 
Heuristic Programming. Ph.D. Diss., Oregon State University, Corvallis. 
Diss. Abstracts International 37(4), microfilm no. 76-23510. 
DYKSTRA, D. P., and J. L. RIGGS. 1977. An Application of Facilities 
Location Theory to the Design of Forest Harvesting Areas. American 
Institute of Industrial Enqineers Transactions 9(3):270-277. 
JOHNSON, K. N., and H. L. SCHEURMAN. 1977. Techniques for Prescribing 
Optimal Timber Harvest and Investment Under Different Objectives -- 
Discussion and Synthesis. Forest Science Monoqraph 18, 31 p. 
KNAPP, W. 1979. Silviculturist, Region 6, Forest Service, U. S. 
Department of Agriculture, Portland, Oregon. Personal communication. 
LAND, A. H., and A. G. DOIG. 1960. An Automatic Method of Solving 
Discrete Programming Problems. Econometrica 28:497-520. 
MAEDERER, B. 1978. Hodads Tree Planting Cooperative, Eugene, Oregon. 
Cited in: Sessions 1979 (see below). 
RANDALL, R. M. 1972. An Operations Research Approach to Douglas-fir 
Thinning. Forest Service, Pacific Northwest Forest and Range Experi- 
ment Station, Portland, Oregon. Research Paper PNW-148, 23 p. 
SESSIONS, J. 1979. Effects of Harvesting Technology Upon Optimal 
Stocking Regimes of Forest Stands in Mountainous Terrain. Ph.D. 
Diss., Oregon State University, Corvallis. 
WAGNER, H. M. 1969. Principles of Operations Research. Prentice-Hall, 
Englewood Cliffs, New Jersey. 937 p. + appendices. 
WALKER, J. L. 1971. An Economic Model for Optimizing the Rate of 
Timber Harvesting. Ph.D. Diss., University of Washington, Seattle. 
Diss. Abstracts International 32(5):2276-A (microfilm no. 71-28489). 
WALKER, J. L. 1979. The Six Rivers National Forest Timber Harvest 
Scheduling Study. Mimeo No. 9153, Western Timber Association, 
San Francisco, California. 5 p. 
WATTERS, L. J. 1967. Reduction of Integer Polynomial Programming 
Problems to Zero-One Linear Programming Problems. Operations 
Research 15:1171-1174. 
Modeling Timber Supply from P r i v a t e  Nonindustr ia l  F o r e s t s  
Clark S. Binkley 
The management of p r i v a t e  f o r e s t  lands  has t r a d i t i o n a l l y  been a ma t t e r  
of s e r i o u s  s o c i a l  concern. Once timber p r i c e s  r i s e  t o  a l e v e l  where invest-  
ments i n  f o r e s t r y  can be j u s t i f i e d  on the  same grounds a s  o t h e r  bus iness  
investments, t h e  f o r e s t  products  indust ry  t y p i c a l l y  responds wi th  i n t e n s i f i e d  
timber c u l t u r e  on t h e i r  land holdings. Although e x t e r n a l  e f f e c t s  (water and 
a i r  p o l l u t i o n  from land management a c t i v i t i e s ,  f o r  example) continue t o  
warrant  pub l i c  a t t e n t i o n ,  t h e  l e v e l  of timber production responds t o  o rd ina ry  
economic s igna l s .  
No such confidence can be  found i n  t h e  a c t i o n s  of t h e  p r i v a t e  nonindus- 
t r i a l  f o r e s t  owners. The broad o f f i c i a l  d e f i n i t i o n  of these  holdings inc ludes  
f o r e s t  lands  held by ind iv idua l s  o r  corpora t ions  who do not  a l s o  own t h e  
r e q u i s i t e  e q u i p e n t  t o  convert  l o g s  i n t o  lumber, pulp o r  o t h e r  secondary 
f o r e s t  products.  I n  t h e  United S t a t e s  these  ownerships range i n  s i z e  from 
one a c r e  t o  over one mi l l ion  ac res ;  about one t h i r d  of t h e  Boston metropol i tan  
a r e a  would be o f f i c i a l l y  c l a s s i f i e d  as p r i v a t e  non indus t r i a l  f o r e s t  land. 
This  paper is concerned wi th  modeling t h e  behavior of these  landowners 
i n  order  t o  p r e d i c t  the  amount of timber which would be supplied from t h e s e  
l ands  under spec i f i ed  f u t u r e  condit ions.  But timber is not  t h e  on ly  va luab le  
output from these  f o r e s t s .  Nontimber f o r e s t  products--recreation, w i l d l i f e  
and a e s t h e t i c a l l y  p leas ing views--may i n  f a c t  be more valuable  than t h e  t imber 
outputs.  Arguing f o r  increased timber production on these  l ands  r e s t s  on t h e  
judgment t h a t  t h e  va lue  of t h e  a d d i t i o n a l  timber exceeds t h e  va lue  of t h e  
nontimber ou tpu t s  which must be foregone t o  ob ta in  t h e  a d d i t i o n a l  timber 
supply. This  seems t o  remain an open question. 
With the limited scope of this paper firmly in mind, we will consider 
the problem of modelling timber supply from these lands in four parts. First, 
the private nonindustrial forestry situation in the United States is briefly 
explained. In that context, a model of landowner behavior is postulated. 
This disaggregate supply model extends the conventional theory of profit 
maximization to include consideration of the nontimber values produced for 
the landowner by his forest holding. The third section tests statistically 
this model on a sample of forest landowners in New Hampshire. The final 
section summarizes the conclusions of the analysis and suggests several 
avenues for further research on this problem. 
THE SITUATION IN THE WIITED STATES 
Private nonindustrial forests occupy almost three fifths of the commercial 
forest land in the United States, or roughly 15% of the nation's coterminous 
land area. In 1970 about 45% of the country's domestic roundwood supply was 
hamzsted from these lands. These circumstances lend easy credence to the 
widespread official and professional concern over the management of these 
forests. The private nonindustrial forest situation in the United States can 
be defined in four dimensions: their contribution to the total forest land 
base, their ownership, the timber supplies from them and the status of the 
growing stock residing on them. 
The Land Base. Table 1 shows the status of commercial forest lands 
in the United States over the twenty-five years between 1952 and 1977. Before 
considering these data, note that the precise official definition of "commercial 
forest land" is somewhat different from the ordinary usage of those terms. 
Comercial forest land is (USDA, 1973, Appendix 111): 
i. t e n  percent  occupied by f o r e s t  t r e e s  of any s i z e  o r  formerly 
having such cover, 
ii. no t  developed f o r  nonfores t  use nor withdrawn admin i s t r a t ive ly  
from timber production, 
3 3 iii. capable of producing 20 f t  l a c r e l y e a r  (1.4 m /ha) of i n d u s t r i a l  
roundwood i n  n a t u r a l  s tands ,  
iv .  found i n  pa rce l  s i z e s  of one a c r e  o r  g rea te r .  
Consequently, timber production is  probably uneconomic on much of t h i s  land. 
The fol lowing f i g u r e s  o v e r s t a t e  t o  some unknown degree t h e  a c t u a l  land base  
f o r  timber production i n  t h e  United Sta tes .  
Table 1 shows t h a t  commercial f o r e s t  land has been roughly constant  over 
the  period,  equaling about 500 mil l ion  acres .  There has been a s l i g h t  d e c l i n e  
i n  publ ic  ownership which is l i k e l y  t o  continue a s  more land i s  set a s i d e  f o r  
wilderness uses. Most of t h e  pub l i c ly  owned f o r e s t  land is  held i n  t h e  
na t iona l  f o r e s t s ,  but s i g n i f i c a n t  timber producing a r e a s  a r e  held by o t h e r  
f e d e r a l  agencies (3ureau of Land Management, Indian reservat ions ,  t h e  Depart- 
ment of Defense) and by t h e  s t a t e  governments. 
P r i v a t e  ownership of commercial f o r e s t  land remained almost cons tant  over 
the  period. Ownership of timberlands by the  f o r e s t  products  indust ry  ( those  
conpanies with t h e  r e q u i s i t e  p l a n t  and equipnent t o  convert logs  i n t o  lumber, 
pulp and o the r  secondary f o r e s t  products) grew by almost 10 m i l l i o n  a c r e s  i n  
t h e  p a s t  twenty-five years .  I n  aggregate the  non indus t r i a l  lands,  which 
c o l l e c t i v e l y  comprise t h e  major i ty  of commercial f o r e s t  land i n  t h e  U.S., 
changed l i t t l e  i n  t h i s  period. It is t hese  lands  where t h e  o f f i c i a l  and 
ordinary  d e f i n i t i o n s  of "commercial f o r e s t  land" d iverge  t o  t h e  g r e a t e s t  
degree, and here  is  a l s o  t h e  focus of t h i s  paper 's  a t t e n t i o n .  
Table 2 presents a more detailed analysis of the ownership of these lands. 
By official definition farms must gain a small amount of income from agricul- 
tural products ($50 for places of 10 acres or greater; $250 for places of less 
than 10 acres). There are two sources for statistics on farm forest ownership: 
the Forest Service data reported in Table 2 and the dicennial Census of 
Agriculture. Although they use the same definition of a "Farm; in 1970 the 
Census of Agriculture found some 19 million acres less forest land than did 
the Forest Service. The discrepance probably relates to differences in defini- 
tions of "forest land" in the two surveys, but the precise source of the 
discrepancy has never been identified. 
Miscellaneous private owners are all the private nonindustrial forest 
owners who do not qualify as farmers. As a residual category they display a 
wide diversity of socioeconomic characteristics and forest ownership object- 
ives. They are located in every region of the country, but concentrated in 
the east. 
While the total area held by the private nonindustrial owners as a group 
has not changed significantly between 1952 and 1977, the composition of owner- 
ship within this class has shifted in a major way. Miscellaneous owners now 
comprise a majority of the class, and hold one third the nation's corumerical 
forest land. Farm ownership has declined at a rate of about 1.6% annually. 
Existing data do not permit any further national level analysis of the 
forest land ownership patterns. The last comprehensive survey of forest land 
ownerships was completed in the late 1940s and even that survey assessed little 
more than the size of the holding. The next section provides some more de- 
tailed infornation on the private nonindustrial holdings in the New England 
region. 
Owners i n  New England. New England is a  s m a l l ,  h e a v i l y  populated 
(by U.S. s t anda rds )  reg ion  loca t ed  i n  t h e  n o r t h e a s t e r n  co rne r  of t h e  country.  
The n a t i o n ' s  f o r e s t  p roducts  i n d u s t r y  had i t s  roots ,  t h e r e  ( t h e  f i r s t  s a w m i l l  
i n  t h e  count ry  was e s t a b l i s h e d  i n  t h e  e a r l y  1600s i n  Maine). S ince  then t h e  
l o c u s  of t h e  f o r e s t  p roducts  i n d u s t r y  has s h i f t e d  t o  t h e  s o u t h  and west l e a v i n g  
t h i s  r eg ion  a l egacy  of s i g n i f i c a n t  n o n i n d u s t r i a l  p r i v a t e  land ownership. 
Table 3  shows t h e  s h i f t  i n  t h e  kind o f  owner who ho lds  t h e s e  lands,  The 
1948 and 1973 d a t a  a r e  n o t  p r e c i s e l y  comparable, a s  t h e  former were de r ived  
from complete surveys  of 23 towns i n  t he  r eg ion  and t h e  l a t t e r  from a random 
sample of owners throughout t h e  region.  W e  s e e  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  
number of bus ines s  and p r o f e s s i o n a l  ownership of f o r e s t  l and ,  coupled wi th  a , 
d e c l i n e  i n  t h e  number of farm ownerships. The t r e n d s  i n  numbers of owners 1 
a r e  roughly p a r a l l e l e d  by t h e  t r e n d s  i n  t h e  a r e a  he ld ,  a l though t h e  d e c l i n e  
~ 
i n  farm ownership i s  not  a s  pronounced a s  t h e  d e c l i n e  i n  t h e i r  numbers. Thus 
p r i m a r i l y  t h e  f a m s  wi th  small woodlots l e f t  farm ownership dur ing  t h i s  
pe r f  od. i 
A t  t h e  same t ime t h a t  farm ownership o f  f o r e s t  l ands  i s  dec l in ing ,  t h e  I 
importance of t h e  r ena in ing  f o r e s t  l ands  t o  farmers  is  a l s o  diminishing. T h i s  
can be seen  i n  t h e  d a t a  developed f o r  Vermont which i s  shown i n  F i g u r e  1, I n  
real terms, bo th  t h e  t o t a l  s a l e s  of  f o r e s t  p roducts  from farms and t h e  s a l e s  
p e r  a c r e  of f o r e s t  l and  dec l ined  s u b s t a n t i a l l y  over  t h e  p a s t  e i g h t  decades. 
\ h e r e  t h e  s a l e s  amounted t o  about  $7.00 per  a c r e  i n  1900, they  a r e  on ly  abou t  
$1.00 p e r  a c r e  i n  1970. The r e c e n t  i n c r e a s e s  i n  demand f o r  fuelwood has  
probably reversed  t h i s  s t e a d y  downward t rend ,  bu t  it is u n l i k e l y  t h a t  f o r e s t  
p roducts  w i l l  r e g a i n  t h e  r e l a t i v e  p o s i t i o n  i n  farm income they  he ld  p r i o r  
t o  World War 11. 
Concomitant t o  t h e  s h i f t s  i n  the kinds of f o r e s t  land owners i n  New 
England has been a s i gn i f i c a n t  decl ine  i n  t h e  s i z e  of t h e  holdings. A 
p a r t i a l  p i c t u r e  of t h i s  t rend can be seen i n  Table 4 which shows the  dec l ine  
i n  t h e  median s i z e  of holding between 1945 and 1973 f o r  f i v e  New England 
s t a t e s .  These da ta  a r e  not  p rec i se ly  comparable because the  1945 d a t a  r e f e r  
to  only those holdings of less than 5000 ac res  (2000 ha) and the  1973 d a t a  
include a l l  holdings. Consequently, t h e  1945 da ta  underestimate t h e  a c t u a l  
median s i z e  of holding by some unknown amount. Because the re  a r e  very few 
holdings l a r ge r  than 5000 a c r e s  i n  t h i s  region, the  magnitude of t h e  under- 
es t imate  is l i k e l y  t o  be qu i t e  small. Kingsley (1979) and Gould (1979) 
discuss  f u r t he r  t he  discrepancies  between these  data.  I n  a l l  f i v e  s t a t e s  
the dec l ine  i n  t he  median s i z e  o f  holding over the  28 year period has been 
marked, ranging from a high of 84.4% i n  New Hampshire t o  a low of 67.12 i n  
Vernont. A s  we w i l l  s e e  below, t h i s  decl ine  i n  pa rce l  s i z e  has  s i g n i f i c a n t  
h p l i c a t i o n s  f o r  timber supply from p r iv a t e  nonindust r ia l  fo res t s .  
Domestic Timber Supply. I n  1970 43.6% of the  roundwood domestic supply 
was harvested from p r i v a t e  non indus t r i a l  f o r e s t s  as Table 5 shows. According 
t o  recent  e s t ima tes  by t h e  Fores t  Service,  t h i s  f r a c t i o n  is expected t o  in- 
c rease  t o  54.8% by 2000. T o t a l  output  from t h e  na t ion ' s  f o r e s t  w i l l  i nc rease ,  
according t o  t h i s  fo recas t ,  by 5.2 mi l l ion  cubic  f e e t  and over four  f i f t h s  of 
t h i s  inc rease  w i l l  come from t h e  p r i v a t e  n o n i n d u s t r i a l  f o r e s t s .  The r o l e  o f  
t h e  p r i v a t e  non indus t r i a l  l ands  t o  timber supply is l a r g e  and growing. 
S t a t u s  of Growing Stock. Consider t h i s  prognosis  i n  l i g h t  of t h e  d a t a  i n  
Table 6. P r i v a t e  non indus t r i a l  lands,  i n  g r o s s  terms, appear t o  be i n  poor 
condi t ion  t o  meet t hese  new timber demands. Clawson (1979) has  shown t h a t  
r eg iona l  d i f f e r e n c e s  i n  f o r e s t  land ownership account f o r  much of t h e  d i f f e r -  
ence i n  these  g ross  measures of f o r e s t  condit ion.  Furthermore, it  is d i f f i c u l t  
t o  i n t e r p r e t  t h e s e  d a t a  without some knowledge of t h e  age d i s t r i b u t i o n s  of t h e  1 
s t a n d s  involved. But i n  any case ,  t h e  c u r r e n t  s i t u a t i o n  on p r i v a t e  nonindus- 
t r i a l  land does n o t  warrant g i lded  optimism t h a t  t h e  Fores t  Service  t imber 
supply p r o j e c t i o n s  can be  m e t  without increased investment i n  timber production 
on those  lands. 
I n  sum, what many have c a l l e d  t h e  p r i v a t e  non indus t r i a l  f o r e s t  problem 
i n  t h e  United S t a t e s  can be cha rac te r i zed  i n  t h r e e  p a r t s .  These l ands  comprise 
a  major i ty  of t h e  timber production base,  def ined by t h e  broad o f f i c i a l  
d e f i n i t i o n  of c o m e r c i a 1  f o r e s t  land. They c o n t r i b u t e  a s i g n i f i c a n t  f r a c t i o n  
of t h e  na t ion ' s  domestic roundwood production, and t h e i r  con t r ibu t ion  is 
f o r e c a s t  t o  inc rease  i n  t h e  next  two decades. But t h e  condi t ion  of t h e i r  
f o r e s t s  is eerce ived t o  be poor, and t r a d i t i o n a l  l e v e l s  of investment i n  
timber production dl1 not c a l l  f o r t h  t h e  needed timber. Added t o  t h e s e  
circumstances i s  a  d e c l i n e  i n  farm ownership of f o r e s t  land, and a s  w e  w i l l  
see below, farmers are being more responsive to market incentives than are 
the nonfarm private nonindustrial owners. The average parcel size of forest 
land also appears to be declining. If there.are scale economies to timber 
production and harvesting, this apparent trend also bodes poorly for the 
timber supply from these lands. Despite the importance of timber supply 
from private nonindustrial forests, little success has been achieved in 
modeling in quantitative terms the supply behavior of this class of owners. 
The next two sections turn to this problem. 
A MODEL OF LANDOWNER BEHAVIOR 
Nonindustrial private forest owners are known to hold their land for 
reasons which transcend maximization of either short term profit or present 
value asset position. The most simple model which captures the nonpecuniary 
values of forest lands characterizes the forest holding both as a productive 
enterprise and as a consumptive good in itself. The aspects of a productive 
enterprise occur because through timber sales the forest is capable of pro- 
ducing income which can be used for the owner's consumption of goods and 
services. Forest land is also a consumption good because it can produce 
direct utility to the owner through recreation, solitude, aesthetic pleasure, 
or other amenity values. In deciding how much timber to sell, the owner 
balances the value of the consumption made possible by the income derived 
from a timber sale against the amenity values lost by harvesting that timber. 
Suppose that a forest landowner derives utility from the consumption of 
nontimber land outputs, (e.g. recreation, aesthetic amenities) and all other 
consumption. He makes timber harvest decisions as though he were maximizing 
a utility function subject to two constraints. First, his total outlay cannot 
exceed his income which equals an amount exogenous to the model plus his 
receipts from timber sales and less his cost of holding land. Second, the 
combinations of timber and nontimber outputs are limited to those which are 
technically feasible given his initial endowment of land. In symbols, the 
problem 
subject to 
e t y - y  + p  t-cll 
r = g(t,ll) 
where 
u(r,y) = a utility function defined over r and y 
y = net income available for consumption of nonland goods 
ye = income exogenous to the model 
pt = price of timber (stumpage price) 
t = zmount of timber cut 
c = per acre cost of holding land 
ll = amount of land held 
r = nontimber land outputs and consmption 
g(t,L) = a function relating timber KO nontimber land outputs. 
At the outset, the limitations of this nodel should be noted. First, equation 
3 reflects the essential economic aspects of the forester's doctrine of multiple 
use applied to the individual ownership. This relationship is notoriously 
difficult to estimate and the model simply postulates its existence. Second, 
the only income producing output from the forest land is timber. No grazing 
or maple operations, for example, are assumed to take place. However, as 
long as these activities can be considered only to affect the exogenous income 
e y , and not the level of amenity outputs fron the land, the model adequately 
accounts  f o r  them. Third,  s p e c u l a t i v e  g a i n s  a s soc ia t ed  wi th  land  ownership 
a r e  n o t  e x p l i c i t l y  considered i n  t h e  model. I f  c u r r e n t  t imber  o p e r a t i o n s  do 
no t  a f f e c t  t h e  percept ion  of t hese  ga ins ,  t hen  t h i s  exc lus ion  i s  n o t  t rouble-  
some. Since i n  t h i s  model t h e  land endowment is f i x e d ,  such s p e c u l a t i v e  g a i n s  
would e n t e r  p r i m a r i l y  through the  c o s t s  of holding land  c ,  and can be  t r e a t e d  
as simply a  parameter of t h e  model, Fourth, i n i t i a l l y  t h e  l and  endowment is 
f ixed  and t h e  only dec i s ion  t o  be made is t h e  amount of t imber  t o  c u t .  Binkley 
(1979) r e l a x e s  t h i s  assumption t o  cons ide r  t h e  t imber and l a n d  markets  simul- 
taneously,  I n  a similar ve in ,  the  model is s t a t i c :  i t  c o n s i d e r s  on ly  how much 
timber i s  c u t  and n o t  how much i s  r e inves t ed  i n  t imber  management, 
Holding t h e  p a r c e l  s i z e  cons tan t ,  the  s o l u t i o n  of t h i s  s imple  op t imiza t ion  
problem can b e  found by s u b s t i t u t i n g  t h e  c o n s t r a i n t s  i n t o  t h e  o b j e c t i v e  funct ion ,  
d i f f e r e n t i a t i n g  t h e  r e s u l t  w i t h  r e s p e c t  t o  t ,  s e t t i n g  t h i s  d e r i v a t i v e  t o  zero,  
and so lv ing  t h e  r e s u l t i n g  equat ion,  This  procedure g i v e s  t h e  opt imiz ing  
cond i t ion  a s  
where t h e  s u b s c r i p t s  a r e  used t o  denote  p a r t i a l  d i f f e r e n t i a t i o n  wi th  r e s p e c t  
t o  t h e  s u b s c r i p t  v a r i a b l e ,  A t  t he  optimum, t h e  marginal  v a l u e  from a n  a d d i t i o n a l  
u n i t  of timber product ion e q u a l s  t h e  marginal va lue  of t h e  nontimber ou tpu t s  
which must be foregone t o  o b t a i n  t h a t  un i t ,  
T h i s  i n d i r e c t  supply equat ion  c a n  be examined i n  conjunct ion  wi th  t h e  assumed 
f u n c t i o n a l  shapes ( i , e .  s i g n s  of t he  f i r s t  and second d e r i v a t i v e s  of u and g) t o  
a s c e r t a i n  t h e  resonse  of t h e  owner t o  changes i n  t h e  v a r i a b l e s  of t h e  model. 
Binkley (1979) g ives  t h e  d e t a i l s  of t h e  c a l c u l a t i o n s ,  and t h e  r e s u l t s  a r e  pre- 
sented  below: 
Variable Sign of affect of timber supply 
ye - 
C + 
R + 
The ambiguous sign of the price variable occurs because an increase in price 
will lead to increased timber outputs only if the income gained from that 
increase more than offsets the utility losses associated with the reduction in 
nontimber production. The sign of the price effect is likely to depend on the 
income of the owner. The effect of exogenous income is as would be expected, 
given diminishing marginal utility of income. Increases in the costs of holding 
land are tantamount to decreases in exogenous income, so they naturally lead to 
increases in tiinber harvest. Thus raising property taxes, may, in the short 
run, be an effective way to increase timber outputs although the long run 
effects might be to shift land out of timber production and consequently re- 
duce timber supply. In this model increasing parcel size leads to increases 
in timber harvest through the same effect--larger owners are more "land poor." 
These theoretical expectations are generally confirmed in the empirical work 
reported below. 
AN EMPIRICAL APPLICATION OF THE MODEL 
The desiderata for estimating this timber supply model are data on the 
amount of timber offered by an individual (say, annually), the stumpage price 
associated with the amounts offered, owner and ownership characteristics, and 
information on the technical tradeoffs between timber and nontimber outputs. 
Unfortunately data directly in this form are not generally available and 
existing data were adapted for the purposes of this research. The recent survey 
of f o r e s t  land owners i n  New Hampshire (Kingsley and Birch, 1976) provided d a t a  
on owner and ownership c h a r a c t e r i s t i c s  and timber ha rves t  behavior .  These were 
combined w i t h  stumpage p r i c e  d a t a  t o  form t h e  b a s i s  f o r  t h e  s t a t i s t i c a l  esti- 
mates of t h e  timber supply model. 
The major l i m i t a t i o n s  of t h e  d a t a  used t o  e s t i m a t e  t h e  model a r e  four .  
F i r s t ,  t h e  supply v a r i a b l e  is dichotomous, i n d i c a t i n g  only whether o r  n o t  an  
owner harvested timber i n  a s p e c i f i e d  year  and no t  how much t imber was a c t u a l l y  
cut .  This  type of dependent v a r i a b l e  l e a d s  t o  a  " s t o c h a s t i c  u t i l i t y "  model of 
choice,  pioneered by McFadden (1973) t o  estimate t h e  s p l i t  o f  t r a n s p o r t a t i o n  
demand between modes. With a  s p e c i f i c  assumption about  t h e  d i s t r i b u t i o n  of 
e r r o r s  i n  t h e  u t i l i t y  f u n c t i o n  ( t h a t  they are Weibull), maximum l i k e l i h o o d  l o g i t  
is  t h e  r e l evan t  e s t i m a t o r  f o r  t h e  supply equat ion,  and t h a t  procedure is used 
below. Second, because t h e  t e c h n i c a l  t r a d e o f f s  between t imber  and nontimber 
ou rpu t s  a r e  not  e x p l i c i t l y  known, t h e  models presented below a r e  s u b j e c t  t o  
sone unknown s p e c i f i c a t i o n  e r r o r .  Third,  t h e  survey used i n  t h i s  s tudy  d i d  n o t  
de t e rn ine  t h e  p r i c e  o f fe red  a t  t h e  time of t h e  s a l e  nor  t h e  p r i c e s  p rev ious ly  
re fused ,  bo th  of which a r e  needed t o  e s t i m a t e  t h e  model. As su r roga te s ,  county- 
wide annual average p r i c e  i n d i c e s  f o r  t h e  major f o r e s t  products  s o l d  i n  t h e  
county of t h e  respondent w e r e  used. This  l e a d s  t o  t h e  well-known errors-in; 
v a r i a b l e s  problem, and b i a s e s  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  of  t h e  p r i c e  
c o e f f i c i e n t  towards zero. F i n a l l y ,  because t h e  income of t h e  respondent was 
known only  f o r  t he  survey pe r  year  (1973), i t  was necessary  t o  work from a 
s t r o n g  permanent income hypothes is ,  and use v a r i a b l e s  such as age  and educat ion  
t o  h e l p  provide a  b e t t e r  neasu re  of t h e  permanent income. T a b l e . 7  summarizes 
t h e  v a r i a b l e s  used i n  t h e  model and t h e  hypothesized r e l a t i o n s h i p  t o  t h e  
p r o b a b i l i t y  of harves t .  
Table 8 reports the logit results. The tables report the estimated 
coefficient, asymptotic t-values and the elasticity computed at the mean of 
2 the independent variables. The chi square statistic (X 1 tests the hypothesis 
that all of the coefficients except the constant are zero, The statistic 
corresponds conceptually to the F-statistic in ordinary least squares regress- 
ion. The effect of each of the variables is discussed separately and then the 
difference in timber harvest behavior between farmers and nonfarmers is 
analyzed, 
Price. First, note that the price variables all have positive signs, This 
is consistent with the normal relationship expected for timber supply and suggests 
that in the sample as a whole each respondent is operating at a point in his 
utility function where the added income from additional harvest outweighs the 
losses in amenity values. 
Second, the statistical performance of the nominal price indices is superior 
to that of their real counterparts. Theory would suggest the opposite result, 
There may be a lag in the perception of inflation. That is, the landowner estab- 
lishes in his mind what he considers to be a "good" price for stumpage in the 
absence of inflationary effects. He then sells if that price is reached or 
exceeded, irrespective of the real price at the time of the sale. 
Third, the sawtimber price index is statistically the best of the four 
indices. Sawtimber removals were from 65% to 77% of all removals statewide 
during the study period. In the New Hampshire ownership survey, which is 
the basis for these results, 68% of the owners harvested sawlogs alone where 
only 4% cut pulpwood alone (Kingsley and Birch, Table 18, p. 43). As a conse. 
quence, the sawtimber price index probably more closely reflects the price of 
the products most commonly sold than does the composite timber price index. 
Area. The r e s u l t s  confirm t h e  hypothes is  t h a t  l a r g e r  ownerships a r e  more 
l i k e l y  t o  be harves ted  than a r e  sma l l e r  ownerships. Prel iminary a n a l y s i s  
i n d i c a t e d  t h a t  t h e  log r i thmic  s p e c i f i c a t i o n  of t h e  a r e a  v a r i a b l e  was s u p e r i o r  
t o  t h e  l i n e a r  one s o  ln(AREA) was r e t a i n e d  throughout these  r e s u l t s .  
Using t h e  AREA a s  an  explanatory  v a r i a b l e  i s  s u b j e c t  t o  a type of i d e n t i -  
f i c a t i o n  problem: does t h e  a r e a  e f f e c t  e n t e r  t h e  problem from t h e  supply s i d e  
a s  hypothesized h e r e  o r  through t h e  demand s ide?  I f  logging is more a t t r a c t i v e  
on l a r g e r  t r a c t s ,  then i t  i s  p o s s i b l e  t h a t  p a r t  of t h e  e f f e c t  measured i n  t h i s  
a n a l y s i s  r e s u l t s  from t h e  demand s i d e  r a t h e r  than any p a r t  of t h e  landowner 
choice process.  Under t h i s  hypothes is ,  l a r g e r  hold ings  would command a h i g h e r  
stumpage p r i ce .  Then a r e a  se rves  a s  a proxy f o r  t h e  p r i c e  faced by t h e  land- 
owner while  t h e  p r i c e  v a r i a b l e  measures t h e  aggregate  t rends .  
Income, Xes, ,and Education. Given the  a v a i l a b l e  da t a ,  i t  w a s  necessary  t o  
use a s t r o n g  pemanent  income assumption i n  order  t o  measure income a t  t h e  t i m e  
of harves t .  Age and educat ion  can b e  considered p rox ies  which improve t h e  
measurement of permanent income. Consequently those  v a r i a b l e s  a r e  considered 
he re  along wi th  income i t s e l f .  
Reca l l  t h a t  income was measured f o r  1973 only, s o  assumptions w e r e  needed 
both  t o  develop a continuous measure and t o  e s t ima te  income i n  t h e  y e a r s  p r i o r  
t o  t h e  survey. Real income r e f e r s  t o  the  assumption t h a t  t h e  respondent 's  real 
income remained unchanged throughout the  per iod  1947-1973, and nominal income 
r e f e r s  t o  t h e  assumption t h a t  h i s  nominal income was cons tan t  throughout t h e  
s tudy period.  
Nominal income e n t e r s  t h e  model wi th  t h e  expected negat ive  s i g n  i n  a l l  
cases.  I n  a l l  samples t h e  s t a t i s t i c a l  performance of t h e  nominal income va r i -  
a b l e  is supe r io r  t o  t h a t  of t h e  r e a l  income v a r i a b l e .  This  r e s u l t  l e n d s  some 
credence t o  t h e  "lag i n  t h e  pe rcep t ion  of i n f l a t i o n "  hypothes is  advanced above. 
Age i s  s i g n i f i c a n t l y  p o s i t i v e l y  a s soc i a t ed  wi th  t h e  p r o b a b i l i t y  of h a r v e s t  
i n d i c a t i n g  t h a t  o l d e r  owners a r e  more l i k e l y  t o  h a r v e s t  t imber  t han  a r e  younger 
ones.  Th i s  r e s u l t  may simply be  due t o  age proxying f o r  income, bu t  ano the r  
hypo thes i s  was suggested by t h e  in t e rv i ews  wi th  n o n i n d u s t r i a l  p r i v a t e  woodland 
owners. Investment  i n  t imber  growing s tock  marks t h e  e a r l y  y e a r s  of  a  land- 
owner's l i f e .  T h i s  growing s t o c k  provides  amenity v a l u e s  a s  w e l l  as a hedge 
a g a i n s t  f i n a n c i a l  hardship .  A s  t h e  landowner grows o l d e r ,  h i s  f i n a n c i a l  
p lanning  hor izon  sho r t ens ,  and t h e r e f o r e  t h e  expected va lue  of  t h e  t imber  
a s s e t s  as a hedge a g a i n s t  u n c e r t a i n t y  diminishes.  He then  i s  more l i k e l y  t o  
l i q u i d a t e  h i s  growing s t o c k ,  i r r e s p e c t i v e  of h i s  nontimber income. 
Education, t h e  number of y e a r s  of formal  school  a t t endance ,  is  no t  s t r o n g l y  
a s s o c i a t e d  wi th  t h e  p ropens i ty  t o  h a r v e s t  t imber.  I n  p a r t  t h i s  may be due t o  
c o l l i n e a r i t y  between income and educa t ion  i n  t h e  sample. Again t h i s  r e s u l t  
sugges t s  t h a t  educa t ion  i s  needed t o  measure permanent income wi th  t h e  d a t a  
used i n  t h i s  study. 
Farm v e r s u s  Nonfarm owners hi^. Farm ownership of  p r i v a t e  n o n i n d u s t r i a l  
f o r e s t  l a n d s  is dec l in ing .  Consequently i t  i s  of some i n t e r e s t  t o  exp lo re  t h e  
d i f f e r e n c e s  i n  t h e  de te rminants  of t imber  h a r v e s t  behavior  between fa rmers  and 
nonfarners .  Because farming is a bus ines s  e n t e r p r i s e ,  we might expec t  fa rmers  
t o  r e v e a l  a g r e a t e r  s e n s i t i v i t y  t o  p r i c e  than  nonfarners .  
Table 9 r e p o r t s  t h e  r e s u l t s  of ana lyz ing  t h e  f a m  and nonfarm subsamples 
s epa ra t e ly .  F i r s t ,  observe  t h a t  bo th  groups d i s p l a y  a s t r o n g  p r i c e  response,  
bu t  t h e  e l a s t i c f t y  f o r  fa rmers  is n e a r l y  twice  t h a t  f o r  nonfarm owners. Second, 
t h e  o t h e r  v a r i a b l e s  used i n  t h i s  a n a l y s i s  ( f o r e s t e d  a r e a  h e l d ,  income and age) 
a r e  n o t  s i g n i f i c a n t l y  r e l a t e d  t o  farmer h a r v e s t  dec i s ions .  
Compared t o  t h e  sample of p r i v a t e  nonindust r ia l  owuers a s  a  whole, non- 
farmers show somewhat d i f f e r e n t  responses t o  t h e  independent var iables .  
S e n s i t i v i t y  t o  p r i c e  and t o  t h e  s i z e  of holding i s  s l i g h t l y  l e s s  f o r  nonfarmers 
than f o r  the  f u l l  sample. Nonfarmers a r e  s l i g h t l y  more responsive t o  income 
and t o  age than is t h e  sample a s  a  whole (compare Table 7  wi th  Table 8 t o  s e e  
these  d i f ferences)  . 
The o v e r a l l  d i f fe rences  i n  t h e  r e l a t i o n s h i p  between t h e  independent var i -  
a b l e s  and t h e  p robab i l i ty  of harves t  between t h e  two groups can be t e s t e d  
s t a t i s t i c a l l y .  The test is based on t h e  d i f fe rence  between t h e  value of t h e  
log  l ike l ihood  funct ion f o r  t h e  f u l l  sample and t h e  sum of t h e  log  l ike l ihood  
funct ion values  f o r  t h e  two subsamples. Twice t h i s  d i f f e r e n c e  is known t o  have 
a  c h i  square d i s t r i b u t i o n  (Theil ,  1971, pp. 396-397) under t h e  n u l l  hypothesis  
t h a t  the re  is  no d i f fe rence  between t h e  two groups. This test is analogous t o  
t h e  so-called Chov t e s t  i n  ordinary l e a s t  squares  regress ion.  This t e s t  i n d i c a t e s  
t h a t  t h e  nodel 's  c o e f f i c i e n t s  c o l l e c t i v e l y  d i f f e r  between farmers and nonfarmers 
(chi  square = 8.13, 1 degree of freedom). I n  add i t ion  t o  s t a t i s t i c a l  s i g n i f i -  
cance, t h i s  c l a s s i f i c a t i o n  has p r a c t i c a l  inportance. The predic ted  p robab i l i ty  
of timber harvest  a t  t h e  mean of t h e  independent va r iab les  is -0339 f o r  farmers 
and .0270 f o r  nonfarmers, a  d i f fe rence  of 25.6%. 
COZICLUSIONS AND FURTHER RESEARCH 
' 
The postula ted  model of landowners' behavior wi th  respect  t o  s h o r t  term 
timber supply seems t o  accord with observed behavior. The s t a t i s t i c a l  es t imates  
of t h e  model's c o e f f i c i e n t s  conform t o  t h e  t h e o r e t i c a l  expectat ions.  P r i c e  
a f f e c t s  the  propensity t o  harves t  timber. Higher incomes a r e  associa ted  with 
lower l e v e l s  of timber production. Smaller p a r c e l  s i z e s  l ead  t o  a  lower 
p robab i l i ty  of timber harvest .  Farmers a r e  more l i k e l y  t o  harves t  timber than 
a r e  nonfarmers, and farmers a r e  more responsive t o  pr ice .  
Stumpage p r i c e  is endogenous t o  t h e  timber market b u t  the  l a t t e r  t h r e e  
v a r i a b l e s  a r e  not.  I n  t h e  United S t a t e s  t r ends  a r e  towards higher r u r a l  
incomes, smal ler  pa rce l  s i z e s  and l e s s  farm f o r e s t  land ownership. Conse- 
quently, a l l  e l s e  equal,  t imber supply from p r i v a t e  l ands  w i l l  dec l ine  un less  
p r i c e s  rise t o  compensate f o r  t h e  t r ends  i n  these  o the r  va r i ab les .  I n  s h o r t ,  
t he  supply curve i s  s h i f t i n g  inward so increased p r i c e s  w i l l  be necessary  
j u s t  t o  keep output  cons tant .  
In te rp re ted  another  way t h e  problem of timber supply from p r i v a t e  non- 
i n d u s t r i a l  f o r e s t s  cannot be  divorced from l a r g e r  ques t ions  of r u r a l  land 
policy, Raising r u r a l  incomes is a t r a d i t i o n a l  o b j e c t i v e  o f  publ ic  policy. 
The a c t i v i t i e s  of farmers respond, i n  p a r t ,  t o  a g r i c u l t u r a l  pol icy  and p r i c e  
support systems, Conversion of farms t o  nonfarm ownership and t h e  pa rce l i -  
za t ion  of r u r a l  l ands  are land use  i s s u e s  which transcend t h e  problem of t imber 
production. Perhaps g r e a t e r  success i n  dea l ing  with t h e  non indus t r i a l  f o r e s t r y  
problem would be achieved by p lac ing t h e  ques t ion  i n  t h i s  l a r g e r  context.  
The cons t ruc t ion  and performance of t h i s  model sugges t s  s e v e r a l  avenues 
f o r  f u r t h e r  research.  The f i r s t  and most obvious is t o  c o l l e c t  d a t a  more 
s u i t a b l e  t o  a disaggregate  supply model. A t  t h i s  time such d a t a  a r e  lacking,  
Major landowner survey e f f o r t s  a r e  being conducted i n  t h e  United S t a t e s  without  
any c l e a r  t h e o r e t i c a l  b a s i s  f o r  cons t ruc t ing  supply models from t h e  r e s u l t i n g  
data. Modest r e d i r e c t i o n  of these  e f f o r t s  could y i e l d  s i g n i f i c a n t  a n a l y t i c a l  
benef i t s .  
Second, t h e  s i z e  of holding can be entered  i n  t h e  model a s  a dec i s ion  
v a r i a b l e  r a t h e r  than an i n i t i a l  endowment. This l e a d s  t o  a simultaneous model 
of land and timber markets. Binkley (1979) has examined t h e  t h e o r e t i c a l  a s p e c t s  
of t h i s  extension,  but  d id  not  at tempt t o  e s t ima te  the  node1 empirical ly.  Such 
an approach might expla in  some of t h e  apparent  economic anomalies sometimes 
observed i n  r u r a l  land markets. It a l s o  might be t h e  b a s i s  f o r  more reason- 
a b l e  f o r e c a s t s  of t r ends  i n  f o r e s t  land use. A t  present  t h e  Fores t  Service  
p r o j e c t s  t h e  land base f o r  timber production a s  a  l i n e a r  ex t rapo la t ion  of 
pas t  t rends.  Thus w e  f i n d  t h e  apparent con t rad ic t ion  of a  shrinking land 
base f o r  timber production a t  t h e  same t i m e  stumpage p r i ces .  a r e  projec ted  t o  
rise rapid ly .  
F ina l ly ,  t h e  dynamic aspec t s  of t h e  timber harves t  dec i s ion  need t o  be 
incorporated i n t o  t h e  ana lys i s .  This  would inc lude  timber inventory change, 
investment i n  timber production and o the r  c a p i t a l  a s s e t s ,  and t h e  preferences  
f o r  present  over f u t u r e  consumption. A s  stumpage p r i c e s  rise, increased in- 
vestment i n  t i n b e r  production would be expected. The r e s u l t i n g  inc rease  i n  
timber supply would be expected t o  moderate f u t u r e  stumpage p r i c e  inc reases  
and some equi l ibr ium p r i c e l e v e l  would be  approached.  This  adjustment process  
depends on t h e  investment response of t h e  f o r e s t  owner t o  t h e  higher p r i ces .  
Wnere the  ob jec t ive  of ownership is not s o l e l y  pecuniary, t h e  opera t ion  of t h i s  
adjustment process is not s t ra ight forward .  
L i t e r a t u r e  Ci ted  
Barraclough, Solon L. 1949. Fores t  land ounership  i n  New England. unpub- 
l i s h e d  PhD t h e s i s ,  Department of Economics, Harvard Universi ty.  
Binkley, Clark S. 1979. Timber supply from p r i v a t e  n o n i n d u s t r i a l  f o r e s t s :  
an  economic a n a l y s i s  of landowners behavior.  unpublished PhD t h e s i s ,  
Department of  F o r e s t r y  and Environmental S tud ie s ,  Yale Universi ty.  
Clawson, Marion. 1979. The economics of U.S. p r i v a t e  n o n i n d u s t r i a l  f o r e s t s ,  
Resources f o r  t h e  Fu tu re  working paper  R-14. 
Gould, Ernes t  M. 1979. SNIPO'S: how numerous. Jou rna l  of Fores t ry  
- 
77:134, 200. 
Kingsley, Neal P. 1979. SNIPO1s: how numerous? Journa l  - of F o r e s t r z  
77:134. 
. 1976. The fores t - land  owners of sou the rn  New England. USDA 
F o r e s t  Service Resource B u l l e t i n  NE-41. 
and Thomas W. Birch. 1977. The fores t - land  owners of New Hampshire 
and Vernont. USDA F o r e s t  Senr i ce  Resource B u l l e t i n  NE-51. 
KcFadden, D. 19?3. Condit ional  l o g i t  a n a l y s i s  of  q u a l i t a t i v e  cho ice  behavior.  
i n  P. Zarembka, ed. F r o n t i e r s  of Econometrics, (Academic Press :  New York). 
United S t a t e s  Dept. of Agr i cu l tu re  (USD-A). 1978. Fores t  statistics of  t h e  
U. S., 1977. (GPO: Washington, D.C.) 
. 1973. The out look f o r  timber. (GPO: Washington, D.C.) 
TABLE 1 
Commercial Forest Land i n  the United S t a t e s  
(mi l l ion  acres)  
Change, 
1952 1962 1970 1977 % 1977 1952-1977 
%/Year 
- - - 
Total  
Public 144.8 145.1 143.0 136.6 28.0 -0.2 
National Forest 94.7 96.9 94.7 89.0 18.2 -0.2 
State  20.0 20.8 23.5 23.6 4.8 +0.7 
Private 355.4 366.0 357.4 351.1 72.0 -0.05 
Industry 59.6 61.6 67.0 68.0 13.9 +0.5 
Nonindustrial 29'5.8 304.4 290.4 283.1 58.0 -0.2 
Source: USDX (1975) Table 2, p. 8 
TABLE 2 
Private Nonindustrial Commercial Forest Land in the United States 
Change, 1952-1977 
1952 1962 1970 1977 %/year 
Farm 173.0 145.0 125.0 116.8 -1.6 
Miscellaneous 122.8 159.4 165.4 166.4 +1.2 
Private 
Source: USDA (1978) Table 2, p. 8. 
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TABLE 3 
P e r c e n t a g e . D i s t r i b u t i o n  of  New England P r i v a t e  Non indus t r i a l  
F o r e s t  Land Ownership, 1948 and 1973 
Type of Owner 
Numbers of 
Owners 
1948s 1973** 
Acreage Owned 
,1948" 1973** 
Bus iness /P ro fes s iona l  
Blue Co l l a red  
Re t i r ed  
Other  
Nonfarm 
Farmers 
Source: Derived from 
*Barraclough and R e t t i e  (1950) , 
**Kingsley (1976a) and Kingsley and Birch  (1977), 
-+ Inc luding  Elaine (Ferguson and Kingsley 1972), t h e  area he ld  
by f a n n e r s  w a s  13.1% i n  1973 
TABLE 4 
Median Size of Forest Ownership. 
in Five New England States, 1945 and 1973 
1 945a 1973 ~nnkil X Charge 
New Hampshire b 46.9 7.3 -6.4 
Vermont b 41.3 13.6 -4.0 
C 37.6 Connecticut 8.3 -5.3 
Rhode 1slandC 39.2 11.6 -4.3 
Source derived from: 
a. Barraclough (1949), pp, 151-154 
b, Kingsley and Birch (1977), pp, 32-33 
c. Kingsley (1976), p. 13 
TABLE 5 
Timber Supply Estimates for the United States 
(million cubic feet) 
1976 2000 % increase 
National Forests 2.14 
Other Public 1.09 
Forest Industry 4.07 
Nonindustrial Private 5.63 
Total 12.9 
Source: ~ ~ ~ ~ ( 1 9 7 9 )  Table 6.24, p. 327. 
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TABLE 6. 
Comparison of Private Nonindustrial Forests with 
Forest Industry and National Forest Lands 
National Forest Private 
Forests Industry Nonindustrial 
-- 
Area (Million Acres) 91.924 67.341 296,234 
Nonstocked (2) 3.6 2.2 4.5 
Growing Stock 4500 bf/A (%) 21.1 40.4 57.7 
Growing Stock >5000 bf/A ( X )  49.1 27.3 12.9 
Softwood Sawtimber (Mbf/A) 10.68 4.72 1.29 
3 Growth in Growing Stock (ft /A) 28.4 51.7 36.3 
Removals /Growth ,838 1.055 .673 
Source: USDX (1973) Appendix I, various tables 
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TABLE 7 
Summary. of Independent Var iables  
Acronym 
Expected 
Re la t ionsh ip  t o  
P r o b a b i l i t y  
of .. Harvest Var iab le  
HR 
STPI 
RSTPI 
T P I  
RTPI 
AREA 
ZAREA 
AGE 
RINC 
NINC 
P r o b a b i l i t y  of Harvest  
Sawtimber p r i c e  index,  c u r r e n t  dollars/Mbf 
Sawtimber p r i c e  index,  $1967/Mbf 
Pulpwood/sawtimber p r i c e  index, c u r r e n t  
dollars/Mbf 
Pulpwood/sawtimber p r i c e  index, $1967/Mbf 
Fores ted  a r e a  owned, Acres 
Natura l  l o g  of AREA 
Age of respondent ,  yea r s  
Income, cons tant  d o l l a r  assumption, i n  
thousands o f  d o l l a r s  
Income, c u r r e n t  d o l l a r  assumption, i n  
thousands o f  d o l l a r s  
Number of y e a r s  of formal educat ion  
Constant t e r m  
TABLE 8 
Estimated Logit Coefficients 
C S T P I  LAREA NINC AGE ED x2(5df) 8' 
-7.76 .I28 .281 -.0151 ,0135 .0269 .90.8 .0640 
(-10.98) (9.09) (4.07) -1.77) (1.861 (. 8151 
2.03 1.42 -. 308 -580 .372 
C T P I  LAREA NINC AGE ED 
-- 
C PSTPI LAREA R I N C  AGE ED 
(-9.20) (4.61) (2.48) (.933) (2.78) (. 146) 
2.06 -847 .I38 -907 .06 28 
C R T P I  LAREA RINC AGE ED 
t-values in parentheses, elasticities below t-values 
probability of harvest = l/(l-exp-B b x ) where bi are the estimated i i i  
coefficients and xi are 'the stated independent variables. 
TABLE 9 
Comparison 'of Farm and Nonfarm Ownerships. 
C STPI LAREA N I N C  AGE X L 2 
Farm -6.59 .242 -.I62 .0133 .0101 23.04 43.219 
(2.229) (4.126) -. 3916 (. 2925) (. 00359) 
3.74 -.156' .292 .004 
Nonfarm -7.37 . I 2 1  .287 -.0147 .0147 73.43 368.27 
(-12.17) (8.094). (4.012) (-1.781) (1.874) 
1.92 .279 -.296 .632 
Sample S ize  
Farm = 264 
Nonfarm = 2617 
t -va laes  i n  pa ren theses ,  e l a s t i c i t i e s  r e p o r t e d  below t -va lues  
L = Value of  l o g  l i k e l i h o o d  f u n c t i o n  
Figure 1 
Sales of forest products by Vermont farms 
1 Sales , Million $ 1967 x Sales/Acres , $ 1967/A 10 9 8 
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MANAGEMENT SYSTEMS I N  
THE FOREST INDUSTRY 
P a a v o  U r o n e n  
PREFACE 
This paper is a survey discussing the present state 
and future trends of the management systems and other systems 
analytical tools in the Forest Industry at the corporate and 
mill level. The technological development has made the 
hierarchical distributed systems technically possible and 
economically attractive. 
The benefits of these kind of hierarchical management 
systems are discussed. 
The paper was presented at the IIASA Forest Industry 
Workshop, January 8-11, 1980. 
MANAGEMENT SYSTEMS I N  THE FOREST INDUSTRY 
Paavo Uronen 
INTRODUCTION 
The g e n e r a l  o b j e c t i v e s  and t a s k s  o f  management i n  a  
f o r e s t  i n d u s t r y  e n t e r p r i s e  do n o t  d i f f e r  from t h o s e  i n  any 
o t h e r  b u s i n e s s  management; t h e y  a r e  (Drucker 1974 ) :  economic 
performance,  making work p r o d u c t i v e  and t h e  workers  a c h i e v i n g  
and managing s o c i a l  impac t s  and s o c i a l  r e s p o n s i b i l i t i e s .  I n  
o t h e r  words, management must o r g a n i z e  t h e  pu rchas ing ,  
producing,  marke t ing ,  i nves tmen t ,  maintenance and o t h e r  
a c t i v i t i e s  i n  t h e  most economical  way ( o r  f u l f i l l i n g  some 
o t h e r  o b j e c t i v e  f u n c t i o n )  under  many c o n s t r a i n t s  i n  a dynamic 
environment and a t  t h e  same t i m e  t h e  g o a l s  and wishes  o f  
many i n t e r e s t  g roups  a s s o c i a t e d  w i th  t h e  b u s i n e s s  i n  q u e s t i o n  
shou ld  a l s o  be m e t .  Some o t h e r  c l a s s i f i c a t i o n s  f o r  t h e  most 
impor t an t  t a s k s  o f  management i n c l u d e  (Dale and Michelon 1 9 7 4 ) :  
Plann ing  ( se t )  g o a l s  
D i r e c t i n g  
Organ iz ing  ( ana lyze )  means 
Decision-Making o r  (select)  r e s o u r c e s  
S t a f f i n g  
C o n t r o l l i n q  ( d e c i d e )  a c t i o n  
Innova t i ng  (measure)  r e s u l t s  
Coord ina t i ng  
Represent  i n q  (ma in t a in )  Human r e l a t i o n s  
I n  p r i n c i p l e  each  decis ion-making p r o c e s s  o f  manaqement 
w i l l  i n c l u d e  t h e  f o l l o w i n g  s t e p s  (Sage 1978) : 
1 .  Problem d e f i n i t ' i o n .  
2 .  Value sys tem d e c i s i o n .  
3 .  Modeling and a n a l y s i s .  
4. Alternative ranking (optimization). 
5. Decision. 
6. Action. 
7. Evaluation. 
It is thus evident that in order to make right or proper deci- 
sions, management needs plenty of information and tools, espe- 
cially in points 2, 3, and 4 in the above list. Management 
Science, Operations Research, or Systems Analysis are more or 
less meaning the same discipline studying these problems and 
providing tools for management. 
The terms "Management Science, 'I "Operations Research, I' or 
"Systems Analysis" appeared after the second world war. These 
new "hard science"' tools, together with the development of 
digital computers, gave high expectations; andmany initially 
feared that computers and operations research would soon replace 
managers. That has not been, and never will be, true. Systems 
Analysis and computers are just tools, nothing more. They are 
tools with high potential for contributing to decision-making, 
but so far many managers in the business think that systems 
analysis has been quite a big disappointment (Drucker 1974). 
Drucker further states: 
Managers complain that management scientists con- 
cern themselves with trivia and reinvent the 
wheel. Management scientists, in turn, tell 
horror stories of resistance by reactionary mana- 
gers. 
Systems analysis has, perhaps, put too much attention on the 
improvement and analysis of functional efforts (production, 
marketing, financing), but there has been too little emphasis 
on managing itself,-on decision-making and on risk taking. The 
most important goal of these tools would be to improve the under- 
stantiing of management and decision-making in business and 
enable managers to take the right risks. Or, putting it another 
way (Drucker 1974): 
Systems analysis should 
-- test assumptions, 
-- identify the right questions to ask, 
-- formulate alternatives rather than solutions, 
-- focus on understanding, not on formulae. 
SYSTEMS ANALYTICAL TOOLS AND APPLICATIONS 
There are many kinds of systems analytical tools and pro- 
grams available for business management. The most important 
techniques and tools are listed in Table 1. Typical application 
areas of these methods are given in Table 2. The tendency here 
is to combine all these methods and applications into a manage- 
ment information system (MIS) or management system and the 
updating, maintenance and further development of these models 
and methods is the responsibility of the Systems Group or 
OR-group of  t h e  company. F i g u r e s  1 and  2  show s c h e m a t i c a l l y  two 
v e r s i o n s  o f  XIS and  F i g u r e  3 r e p r e s e n t s  a  management s y s t e m  a s  
p roposed  by Ackoff  ( 1 9 7 2 ) .  
One i n t e r e s t i n g  f e a t u r e  i n  t h e  deve lopmen t  o f  t h e s e  s y s t e m s  
i n  t h e  p r o c e s s  i n d u s t r y  h a s  been  d e m o n s t r a t e d  i n  F i g u r e  4 ;  a t  
e a r l y  s t a g e s  i n  t h e  6 0 ' s  t h e  a p p r o a c h  w a s  a  c e n t r a l i z e d  o n e ,  
and t h e n  a t t e m p t s  were made t o  s o l v e  b o t h  t h e  p r o c e s s  c o n t r o l  
t a s k s  and  c h e  management t a s k s  t h r o u g h  a b i g  c e n t r a l i z e d  sys t em.  
These  a t t e m p t s  were n o t  s u c c e s s f u l l - - t h e  main r e a s o n s  b e i n g  
i n s u f f i c i e n t  r e l i a b i l i t y  a n d  c a p a b i l i t y  o f  e x i s t i n g  computer  
ha rdware ,  t h e  d i f f i c u l t  and  c o m p l i c a t e d  s o f t w a r e ,  and  l a c k  o f  
s p e c i a l i s t s .  A f t e r  t h i s  s t a g e ,  t h e  min icompute r s  were d e v e l o p e d  
i n  t h e  e a r l y  7 0 ' s  a n d  t h e n  a lso t h e  p r o c e s s  c o n t r o l  s y s t e m s  and  
t h e  management s y s t e m s  were s e p a r a t e d  and  e v e n  d i f f i c u l t  o r g a n i -  
z a t i o n s  i n s i d e  t h e  company w e r e  r e p o n s i b l e  f o r  t h e s e  t a s k s .  Today 
w e  c a n  see v e r y  c l e a r l y  t h e  t e n d e n c y  t o w a r d s  a t o t a l  m i l l  c o n t r o l  
and  management s y s t e m  implemented w i t h  a d i s t r i b u t e d  ha rdware .  
To wha t  e x t e n t  t h e  above  men t ioned  t o o l s  a n d  s y s t e m s  are 
used  i n  e a c h  i n d i v i d u a l  e n t e r p r i s e  i s  h i g h l y  d e p e n d e n t  on  many 
f a c t o r s :  t h e  b r a n c h  o f  i n d u s t r y ,  t h e  s i z e  o f  b u s i n e s s ,  t h e  
r e g i o n a l  a n d  n a t i o n a l  c h a r a c t e r i s t i c s  and  t h e  i n t e r e s t  a n d  
a t t i t u d e  o f  t o p  manageme3t. 
IYANAGEMENT PROBLEMS I N  THE FOREST INDUSTRY 
The f o r e s t  i n d u s t r y  i s  a  t y p i c a l  p r o c e s s  i n d u s t r y  f a c i n g  
many problems and  s t r u c t u r a l  changes  now and  i n  t h e  f u t u r e .  
F i g u r e  5 i s  a  s k e t c h  o f  t h e  problem "env i ronmen t"  o f  t h e  
manager i n  a f o r e s t  i n d u s t r y  e n t e r p r i s e .  I t  i s  o b v i o u s  t h a t  
c o r ~ o r a t e  management t o d a y  c a n n o t  make t h e  d e c i s i o n s  by t a k i n g  
o n l y  t h e  i n t e r e s t s  o f  t h e  company and t h e  t e c h n o l o g i c a l  a s p e c t s  
i n t o  a c c o u n t .  More and more t h e  s o c i a l  i m p a c t s ,  t h e  g o a l s  o f  
many i n t e r e s t  g r o u p s  ( s t o c k - h o l d e r s ,  l a b o r  u n i o n s ,  gove rnmen t ,  
e n v i r o n m e n t a l i s t s ,  f o r e s t  owner s ,  e t c . )  mus t  also b e  t a k e n  i n t o  
a c c o u n t  and t h e  deve lopmen t ,  b o t h  g l o b a l  a n d  n a t i o n a l ,  i n  t h i s  
i n d u s t r y  s h o u l d  a l s o  b e  f o r e c a s t e d  and  n o t i f i e d  i n  d e c i s i o n -  
making. F i g u r e  b g i v e s  a  s c h e m a t i c  h i e r a r c h y  o f  t h e  p rob lems  
i n  t h e  f o r e s t  i n d u s t r y .  
For  a s s i s t i n g  management i n  t h e s e  t a s k s  i n  t h e  f o r e s t  i n -  
d u s t r y ,  m o s t  o f  t h e  methods men t ioned  i n  T a b l e  1 c o u l d  b e ,  and  
t o  some e x t e n t  are ,  used  a t  t h e  c o r p o r a t e  a n d  m i l l  l e v e l s .  The 
b i g  groblem is  t h e  l a c k  o f  models and  f o r e c a s t s  a t  t h e  u p p e r  
l e v e l s  o f  h i e r a r c h y  i n  F i g u r e  6 .  A l s o  dec i s ion -mak ing  u n d e r  
many c o n s t r a i n t s  and  t r y i n g  t o  s a t i s f y  a l l  t h e  g o a l s  o f  t h e  
d i f f e r e n t  i n t e r e s t  g r o u p s  w i l l  l e a d  t o  a  m u l t i c r i t e r i a  o p t i m i -  
z a t i o n  problem.  The l a t e s t  deve lopmen t s  i n  m u l t i o b j e c t i v e  o p t i -  
m i z a t i o n  ( W i e r z b i c k i  1979)  and  game t h e o r y  may g i v e  u s e f u l  t o o l s  
f o r  t h e s e  problems i n  t h e  f u t u r e .  These  p rob lems  are c l o s e l y  
c o n n e c t e d  t o  s t r a t e g i c  p l a n n i n g ,  i . e . ,  t o  l ong- t e rm ( t i m e  
h o r i z o n :  s e v e r a l  y e a r s )  management o f  t h e  company. The manage- 
Table 1. Management techniques and tools. 
Data base techniques 
Modeling techniques 
Simulation techniques 
Optimization techniques 
-- LP 
-- Integer programming 
--  on-linear programming 
-- Dynamic programming 
-- Multiobjective optimization 
Forecasting methods 
-- Linear time trend 
-- Moving average 
-- Exponential smoothing 
-- Non-linear time trends 
-- Adaptive forecasting 
-- Box-Jenkins 
Inventory control theory 
Value analysis 
Optimal control theory 
Game theory 
Critical path scheduling and other project control systems 
Heuristics 
Reporting systems 
Table 2. Applications of systems analysis in management. 
Corporate modeling 
Strategic planning 
Budgeting 
Cash flow analysis 
Financial forecasting 
Financial analysis 
Demand and sales forecasts 
Profit planning 
Marketing management and planning 
Investment analysis 
Production planning 
Production coordination and control 
Project control 
Planning of transportations 
Inventory control 
Other Information 
& Instructions 
Information I I Inquiries Reports 
PROCESSING I DATA BASE Outside 
"-Dat 
1 Data 
SYSTEM s Instructions, Controls 
Figure 1. Management information system I. 
Other Sources 
of Information 
Other Information 
and Instructions 
Figure 2. Management information system 11. 
- v 
Analyses 
MODELS 
& MANAGEMENT . 
FORECASTS t - 
Proposals 
A 
l nformation l nquiries 
v 
l nformation b DATA 
PROCESSING 
& 
DATA BASE 
t Outside 
Data 
A 
Data 
Instructions, 
4 Controls 
Data SYSTEM 
A 

I 
- Centralized Hardware I - Mini- and Midicomputers I I I - Distributed Hardware 
- Big Computers I - Separate Departments - Hierarchical Structure 
- In-House Systems I - "Packaged" Systems I - Tailor-Made Systems 
1960-1 970 i 1970-1980 i 1980 - b
I I 
I 
I 
I 
I PROCESS CONTROL r------------ 
I 
-v 
I I 
Figure 4, Development of control and management systems, 
I PROCESS CONTROL I I I TOTAL MILL SYSTEMS I I CONTROL AND 
I 
I 
/ 
I MANAGEMENT 
MANAGEMENT I I SYSTEM 
SYSTEMS 
I ' 
L,,,,,,,,,,,A MANAGEMENT 
I SYSTEMS 
I I 
I ! 

GLOBAL 1 
NATIONAL & 
REGIONAL 
CORPORATE 0 
World Trade 
Technological Change 
Energy 
Regulations 
Policies, Raw Material 
Inflation, Financing 
Labor Force 
Corporate Planning 
Forest Management 
Resource Allocation 
Management Systems 
Management Systems 
Production Planning 81 Coordination 
Process Control 81 Optimization 
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ment t a s k s  i n  a  f o r e s t  i n d u s t r y  e n t e r p r i s e  can be d iv ided  accord- 
ing  t o  t h e  t i m e  span a s  fo l lows:  
-- S t r a t e g i c  p lanning  t i m e  hor izon:  y e a r s  
-- - Tactical planning  I t  I1 months- 
y e a r  
I1 II 
-- Product ion p lanning  1-7 days 
I1 II 
-- Product ion coo rd ina t ion  1-24 hours  
I t  I1 
-- Process  o p t i m i z a t i o n  1-60 m i -  
n u t e s  
II II 
-- Process  c o n t r o l  0-1 m i -  
nu te  
Another c l a s s i f i c a t i o n  is :  
S t r a t e g i c  management 
T a c t i c a l  management 
Opera t ive  management 
long-term, ( g o a l s )  
shor t - te rm,  (means) 
r ea l - t ime ,  (p roduc t ion )  
For s t r a t e g i c  management, t y p i c a l  systems a n a l y t i c a l  t o o l s  
a r e  c o r p o r a t e  models and f o r e c a s t s  (Zackr i sson ,  e t  a l .  1977) .  
The models needed a r e  t y p i c a l  s imu la t ion  models used t o  answer 
q u e s t i o n s  l i k e :  "What i s  t h e  outcome i f  t h i s  d e c i s i o n  o r  change 
w i l l  be made?" 
For t a c t i c a l  management t h e  most impor tan t  t a s k s  a r e  
budget ing and r e s o u r c e  a l l o c a t i o n ;  s o  budget ing and r e p o r t i n g  
systems,  demand and s a l e s  f o r e c a s t s ,  market ing and f i n a n c i a l  
a n a l y s e s  a r e  t h e  t o o l s  needed. 
The o p e r a t i v e  management o f  a  m i l l  i s  r e s p o n s i b l e  f o r  t h e  
f u l f i l l m e n t  o f  t h e  incoming o r d e r  f low a t  t h e  most e f f i c i e n t  
way t a k i n g  s e v e r a l  c o n s t r a i n t s  and u n c e r t a i n t i e s  i n t o  account .  
Figure  7 g i v e s  a  diagram o f  t h e  produc t ion  p lanning  system of  
a  whi te  paper  m i l l .  Th is  k ind  o f  p roduc t ion  p lanning  system 
would be a  p a r t  o f  a  t o t a l  m i l l  in format ion  and management 
system a s  d e p i c t e d  i n  F igure  8.  
V i t a l  p a r t s  of  t h i s  k ind  of  system a r e  s e v e r a l  d a t a  bases  
which w i l l :  draw d a t a  from t h e  p roces ses  ( v i a  measurements) and 
from o u t s i d e  sou rces  ( v i a  t e r m i n a l s ) .  These d a t a  bases  a r e  
updated and t h e y  a r e  impor tan t  d a t a  sou rces  a l s o  f o r  o t h e r  
management systems ( t a c t i c a l  and s t r a t e g i c ) ;  t h u s  a l l  systems 
w i l l  be combined t o g e t h e r .  
F igu re  9  p r e s e n t s  two t y p i c a l  decision-making s i t u a t i o n s  
f o r  o p e r a t i v e  management i n  t h e  f o r e s t  i n d u s t r y  e n t e r p r i s e .  
The upper c a s e  r e p r e s e n t s  a  s i t u a t i o n  where t h e  markets  do n o t  
restr ic t ,  i .e . ,  a l l  what can be produced can be  s o l d .  I n  t h i s  
s i t u a t i o n  management must dec ide  t h e  op t ima l  p roduc t  mix. The 
lower c a s e  r e p r e s e n t s  a  s i t u a t i o n  where t h e  markets  a r e  l i m i t e d  
and t h e  o r d e r s  coming i n  should be scheduled i n  p roduc t ion  i n  
t h e  most economical way. 
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Figure 8. Tasks of total mill information and production 
planning system. 
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P r o d u c t i o n  p l a n n i n g  s h o u l d  b e  done s o  t h a t  t h e  u s e  o f  
equipment  would be  a s  even  a s  p o s s i b l e ,  a v o i d i n g  shut-downs,  
s t a r t - u p s ,  r a t e  c h a n g e s ,  and o v e r f l o w i n g ,  o r  emptying o f  i n -  
p r o c e s s  s t o r a g e s ,  e t c . ,  b e c a u s e  t h e r e  a r e  s e v e r a l  p o s s i b l e  
l o s s e s  and d i s a d v a n t a g e s  c o n n e c t e d  t o  a l l  s u c h  changes  a s  shown 
i n  F i g a r e  10 (Uronen 1 9 7 8 ) .  A r e a l - t i m e  t o t a l  m i l l  i n f o r m a t i o n  
and management s y s t e m ,  a s  d e p i c t e d  i n  F i g u r e s  7  and 8  c a n  re- 
markably s h o r t e n  t h e  t o t a l  c o n t r o l  c y c l e  t i m e  o f  t h e  b u s i n e s s  
t h u s  p r e v e n t i n g  l o s s e s  and improving t h e  p r o d u c t i v i t y  a s  F i g u r e  
1 1  d e m o n s t r a t e s  (Uronen 1 9 7 9 ) .  The development  o f  computer  
hardware  makes t he  i m p i e m e n t a t i o n  o f  t h e s e  i d e a s  i n  a  h i e r a r c h i -  
c a l  sys tem w i t h  d i s t r i b u t e d  hardware  r e a l i s t i c  and p r o f i t a b l e .  
One p o s s i b l e  s t r u c t u r e  o f  s u c h  a  h i e r a r c h i c a l  s y s t e m  i s  proposed  
i n  F i g u r e  12 (Uronen and  Wi l l i ams  1978) . 
STATE-OF-THE-ART I N  THE FOREST INDUSTRY 
No s u r v e y  o r  s t a t e - o f - t h e - a r t  r e p o r t  c o n c e r n i n g  t h e  u s e  o f  
s y s t e m s  a n a l y s i s  i n  t h e  management o f  f o r e s t  i n d u s t r y  e n t e r p r i s e s  
e x i s t s .  One area, namely p r o c e s s  c o n t r o l ,  i s  q u i t e  w e l l  c o v e r e d  
i n  s e v e r a l  s u r v e y s  ( G e e  a n d  Chamber la in  1977; Keyes 1975; Uronen 
and Wi l l i ams  1 9 7 8 ) ,  a n d  a l s o  t h e  s i t u a t i o n  i n  r e c e n t  y e a r s  
( E r i k s s o n  1978; Uronen and W i l l i a m s  1 9 7 8 ) .  Thus a  s t u d y  o f  t h e  
a p p l i c a t i o n s  and  e x p e r i e n c e s  c o n c e r n i n g  t h e  u s e  o f  t h e  more 
" c l a s s i c a l "  t y p e  o f  s y s t e m s  a n a l y t i c a l  t o o l s  ( c o r p o r a t e  mode l ing ,  
f o r e c a s t s ,  e tc . )  i n  t h e  f o r e s t  i n d u s t r y  would b e  n e c e s s a r y  and 
u s e f u l  g i v i n g  feedback  f o r  r e s e a r c h  and development  work i n  t h i s  
a r e a .  
W e  c a n ,  however,  assume t h a t  t h e  s i t u a t i o n  c o n c e r n i n g  t h e  
u s e  o f  t h e s e  methods i n  t h e  f o r e s t  i n d u s t r y  is  f a r  a n a l o g o u s  
t o  t h e  s i t u a t i o n  i n  o t h e r  b r a n c h e s  o f  i n d u s t r y .  Nay lo r  and  
Schau land  (1976) d i d  a s u r v e y  s t u d y  i n  t h e  US c o n c e r n i n g  t h e  
u s e  o f  c o r p o r a t e  p l a n n i n g  models .  The s t u d y  concerned  t h e  
s i t u a t i o n  i n  1974-75 and  t h e y  r e c e i v e d  answers t o  t h e i r  ques -  
t i o n n a i r e  from 346 c o r p o r a t i o n s  r e p r e s e n t i n g  19% r e s p o n s e .  
Some o f  t h e i r  r e s u l t s  a r e  g i v e n  i n  T a b l e s  3-6. From T a b l e  3 
w e  can  see t h a t  t h e  r e s p o n s e  f rom t h e  f o r e s t  i n d u s t r y  h a s  been 
v e r y  l i m i t e d ,  i f  a n y ,  and  i t  h a s  been i n c l u d e d  i n t o  g r o u p  ' o t h e r ' .  
Pe rhaps  t h e  most  i n t e r e s t i n g  i s  T a b l e  6  which l ists  t h e  b e n e f i t s  
of  c o r p o r a t e  model ing;  t h e  main b e n e f i t s  a r e  c l o s e l y  r e l a t e d  t o  
p o l i c y  a n a l y s i s  and dec i s ion-making ;  t h e  d i r e c t  c o s t  s a v i n g s  
a r e  ment ioned o n l y  i n  28% o f  t h e  c a s e s  a n d  o n l y  4% o f  t h e  answers  
do n o t  i n d i c a t e  any b e n e f i t s  a t  a l l .  W e  must ,  however,  keep  i n  
mind t h a t  t h i s  s t u d y  concerned  o n l y  one  a p p l i c a t i o n  area o f  
s y s t e m s  a n a l y s i s ,  namely t h e  c o r p o r a t e  modeling.  T h i s  i s ,  o f  
c o u r s e ,  a  c e n t r a l  and i m p o r t a n t  a p p l i c a t i o n  b u t  i n  o r d e r  t o  be 
a b l e  t o  e v a l u a t e  t he  whole r a n g e  o f  a p p l i c a t i o n s ,  e s p e c i a l i y  i n  
t h e  f o r e s t  i n d u s t r i e s  a  s u r v e y  s t u d y  must  be  c a r r i e d  o u t .  
Concern ing  t h e  p r e s e n t  s i t u a t i o n  in t h e  a r e a  o f  h i e r a r c h i -  
c a l  r e a l - t i m e  management i n f o r m a t i o n  and p r o d u c t i o n  p l a n n i n g  
s y s t e m s ,  some e x i s t i n g  sys tmes  a r e  i n  o p e r a t i o n  ( E r i k s s o n  1978; 
Uronen 1 9 7 8 ) .  F i g u r e  13 shows t h e  f u n c t i o n a l  l e v e l s  o f  h i e r a r c h y  
i n s t a l l e d  a t  A. A h l s t r o m ' s  P a p e r  M i l l  i n  F i n l a n d  (Uronen 1 9 7 8 ) .  
Table 3. Firms using corporate models classified by industry. 
Industry Number of Firms 
~anuf acturing 64 
Banking and Finance 30 
Regulated Industries (transportation, 
communications, utilities) 20 
Service 15 
Mining 7 
Agriculture 5 
Others 18 
No response 54 
TOTAL 213 
Source: Naylor, Schauland, 1976 
Table 4. Applications of corporate models 
Applications Percentage 
Cash flow analysis 65 
Financial forecasting 65 
Balance sheet projections 64 
Financial analysis 60 
Proforma financial reports 55 
Profit planning 53 
Long-term forecasts 50 
Budgeting 47 
Sales forecasts 4 1 
Investment analysis 35 
Xarketing planning 33 
Short-term forecasts 33 
Source: Naylor, Schauland, 1976 
T a b l e  5. Eow c o r p o r a t e  models  a r e  used  
Use P e r c e n t a g e  
E v a l u a t i o n  o f  P o l i c y  A l t e r n a t i v e s  
F i n a n c i a l  P r o j e c t i o n s  
Long-Term P l a n n i n g  
Decis ion-Making 
Short-Term P l a n n i n g  
P r e p a r a t i o n  o f  R e p o r t s  
C o r p o r a t e  Goal S e t t i n g  
A n a l y s i s  
C o n f i r m a t i o n  o f  O t h e r  A n a l y s i s  
T a b l e  6. B e n e f i t s  o f  c o r p o r a t e  models  
B e n e f i t s  P e r c e n t a g e  
- - -- - 
Able t o  E x p l o r e  More A l t e r n a t i v e s  
Better Q u a l i t y  Decis ion-Making  
More E f f e c t i v e  P l a n n i n g  
Better U n d e r s t a n d i n g  o f  t h e  B u s i n e s s  
F a s t e r  Decis ion-Making 
More Timely I n f o r m a t i o n  
More A c c u r a t e  F o r e c a s t s  
C o s t  S a v i n g s  
N o  B e n e f i t s  
S o u r c e :  N a y l o r ,  S c h a u l a n d ,  1976 
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Figure 10. Some undesired effects of mill shut-downs and 
production rate changes. (Uronen 1978) 
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Figure 13. Hierarchical production planning and control at 
A. Ahlstrom's paper mill, Varkaus, Finland. 
(Uronen 1978) 
The number of t h i s  kind of systems is  expected t o  inc rease  
r ap id ly  i n  t h e  8 0 ' s  and a t  t h e  same t i m e  t h e s e  systems w i l l  be 
combined more and more wi th  corpora te  models and o t h e r  manage- 
ment t o o l s ,  t h u s  forming a t o t a l  management system f o r  t h e  
company. 
FUTURE DEVELOPMENT 
r t  is obvious t h a t  d e s p i t e  disappointments and t i m e  l a g s  
t h e  use of  systems a n a l y t i c a l  t o o l s  i n  t h e  f o r e s t  indus t ry ,  a s  
w e l l  a s  i n  o t h e r  i n d u s t r i e s ,  w i l l  i nc rease  cont inuously i n  t h e  
fu tu re .  The fol lowing t r e n d s  and needs can be seen: 
-- t h e  systems a n a l y t i c a l  models and t o o l s  w i l l  be more 
and more connected t o  production planning and c o n t r o l  
systems thus  forming a h i e r a r c h i c a l  t o t a l  m i l l  manage- 
ment and information system. Then a l s o  t h e  gaps and 
t i m e  l a g s  between t h e  planning,  product ion,  marketing 
and f inanc ing  w i l l  be decreased and t h e  o v e r a l l  c o n t r o l  
and decision-making w i l l  be f a s t e r  and more in teg ra ted .  
-- many companies a r e  planning t o  b u i l d  corpora te  models 
and management information systems. It is important 
t h a t  t h e  needs of t h e  u s e r s  of t h e s e  systems w i l l  be 
taken i n t o  account a l ready in planning. Top manage- 
ment should a l s o  be involved i n  planning. 
-- t h e r e  is a need f o r  t h e  development of new use r  o r i -  
en ted  programming languages, f o r  example, f o r  planning 
and budgeting. 
-- t h e  connection between corpora te  models and production 
planning systems w i l l  become more important.  
-- most corpora te  planning systems do n o t ,  s o  f a r ,  
inc lude  opt imiza t ion  procedures. It is probable 
t h a t  t h e  use of  opt imiza t ion  techniques in produc- 
t i o n  planning and goal  programming i n  resource  
a l l o c a t i o n  w i l l  i nc rease  r ap id ly .  
-- new models a r e  needed f o r  e x t e r n a l  environment, i .e . ,  
f o r  economic, r eg iona l ,  s o c i a l ,  e c o l o g i c a l  and p o l i t -  
i c a l  problems connected wi th  t h e  f o r e s t  i n d u s t r y  
e n t e r p r i s e .  
-- a continuous d ia logue  between t h e  systems a n a l y s t s  
and t h e  u s e r s  of t h e s e  t o o l s  i s  i n  essence.  
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Kauko Leiviska 
METHODS FOR PRODUCTION PLANNING IN AN 
INTEGRATED PULP AND PAPER MILL 
Abstract. Three approaches to carry out the pulp mill 
production control calculations are discussed. These 
approaches are a simulation method, a hierarchical opti- 
mization algorithm and a network flow algorithm. 
In the simulation approach a general program package for 
the production control calculations was developed. The sche- 
duling is based on a simulation model and some simple lcgical 
rules for production scheduling. It proceeds iteratively from 
a given production schedule to a production schedule that 
satisfies all the system constraints. 
The production schedules of both the pulp lines of the mill 
and the chemical recovery cycle can be calculated using 
Tamura's time delay algorithm. This algorithm was modified 
so that the specific features of the problem can be taken 
into account. These include the compensation of planned 
shut-downs, identification of infeasible situations, etc. 
The use of standard linear programming algorithms to produc- 
tion control calculations is restricted by the fact that 
they need a considerable amount of core memory. However, for 
some special cases network flow algorithms that can solve 
LP-problems have been developed. In this connection Ford- 
Fulkerson out-of-kilter algorithm is considered. 
The applicability of these approaches was compared using 
simulations with UNIVAC 1100/20-computer of the University 
of Oulu. In the simulations the preselected simulation pe- 
riod of 48 hours was divided into intervals of 8 hours. 
Several kinds of test runs that correspond problems in the 
real plant environment were carried out. 
Keywords. Production control; simulation; hierarchical 
systems; linear programing; pulp industry. 
INTRODUCTION 
During the last few years the need for a production control 
and a total mill information system in pulp and paper mills 
has become actual. Production control includes the short 
term production scheduling and the control of the mill ope- 
rations according to customer orders or the long term pro- 
duction schedule. The operation of the production control 
system is based on real-time information from the mill be- 
cause of the dynamic hature of the mill operation condi- 
tions. Depending on the mill in question, the tasks of the 
production control system vary from the order handling to 
the optimization of mill operations. 
Figure 1 presents a hierarchy of operations, which is very 
typical also in other industries, not only in pulp and 
paper mills. 
The lowest level consists of the process instrumentation. 
The development of the technology has been very fast on 
this level. Fast and cheap microprocessor based instrumen- 
tation systems and high-speed serial data communication 
systems are changing the tasks of conventional control 
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computers. Data acquisition and preliminary handling are 
more and more carried out by instrumentation systems 
and by intelligent measuring systems. However, the control 
actions carried out on this level concern mostly stabilizing 
control based on the reference values given by the upper 
levels. 
The next level is the process control and optimization le- 
vel. Typically this level uses process computers and for 
all the pulp and paper mill processes automatic computer 
control systems have been developed. These systems utilize 
real-time measurements, process models and control algo- 
rithms. They provide, for instance, the set points for the 
controllers, and special reports for both upper and lower 
levels of the hierarchy. 
Process optimization which takes place on the same level, 
requires the knowledge of the overall process models. 
Usually only static optimization is used. This means that 
the optimal steady-state conditions of the process are de- 
termined according to the production requirements. Process 
optimization can be included as a task of the computer 
control system. 
 he third level is responsible for the production control. 
As it was shown above the production control converts 
the customer orders or the planned production schedule to 
short term production schedules for all the processes. The 
tasks and functions of the production control system are 
considered later on in this text. 
The level above the production control level includes the 
long term production planning for intervals varying from a 
month to several years. Also the models used on this level 
are developed keeping longer time intervals in mind. 
Sulphate pulp mill is a complex system consisting of pro- 
cesses and storage tanks between them. The processes are 
linked together by fibre, chemicals and energy flows. 
Because of the system complexity and strong interactions 
disturbances in one process have an effect on the operation 
of other processes. The effect of these disturbances can be 
decreased by efficient coordination and control system. 
This production control system includes all the operations 
connected to actual production and consumption and genera- 
tion of energy. Figure 2 shows inputs, outputs and main 
functions of the system. 
The production control system must provide the operational 
staff with the production schedules calculated for the sche- 
duling period of 2...3 days. These production schedules must 
assure the most economical production taking the capacity 
of the processes and the constraining storage capacity into 
account. 
The system must also give following information: 
1. What effects the deviations from the optimal production 
schedules have on the operation? 
2. What is the most advantageous state in the case of 
random disturbances? 
3. How the planned shut-downs are included in the pro- 
duction schedules? 
With an efficient production control and coordination system 
the mill capacity can be increased. This is achieved because 
1. Better coordination decreases the number of shut-downs 
enforced by full or empty storage tanks. 
2. Better coordination makes more efficient use of the 
bottleneck process possible. 

3. Also the number of shut-downs enforced by an incorrect 
coordination of the energy balance can be decreased. 
As another benefit the decreased amount of quality dis- 
turbances can be considered. This is achieved because of 
fewer production rate changes and fewer start-ups. More 
reliable reporting, effective coordination of environmental 
effects and also decreased staff in some cases are other 
benefits of the production control system. 
Previously, the application of simulation, linear programming 
and optimal control methods to pulp and paper mill schedul- 
ing has been considered (Petterson, 1969, 1970 a,b,c, Alsholm 
and Petterson, 1970). Simulation has also been used in sto- 
rage dimensioning and control strategy optimization (Gole- 
manov, 1972, Golemanov and Blomberg, 1973). In the same 
connection also mathematical programming for optimal production 
control was concerned (Golemanov, 1972, Golemanov and Koivula, 
1973). A network flow algorithm has been used in a computer- 
based production control system in calculating the production 
schedules (Edlund and Kalmgn, 1974, Edlund and Johansson, 
1977, Edlund and Rigerl, 1978). Also the discrete maximum 
principle has been applied for production scheduling of a 
pulp mill fibre line (Chalaye and Foulard, 1976). In former 
studies hierarchical optimization algorithms, namely Tamura's 
time delay algorithm and the suboptimal algorithm of Singh 
and Coales, have been found applicable to pulp mill production 
scheduling (Leiviska, 1979, Leiviska and Uronen, 1979 a,b). 
PULP MILL MODEL 
Production control calculations give the production schedules 
of pulp mill processes with the time horizon of 2...3 days. 
Therefore it is not necessary to use complete, complicated 
process models. If all the small storage tanks are included 
in the model, the system dimensions increase so that it be- 
comes very difficult to deal with. The model can be simpli- 
fied by combining smaller storage tanks. Very small tanks 
can be left without consideration by 'lumping' together 
the corresponding processes. 
In the following a sulphate pulp mill producing bleached 
pulp and consisting of a fibre line and a chemical recovery 
cycle is considered as an example. Figure shows the flow 
diagram of this kind of mill together with the necessary no- 
tations for modelling. In modelling typical operational pa- 
rameters of the pulp mill processes are used. Eventhough 
both the mill flow diagram and the parameters are hypotheti- 
cal, this does not decrease the value of the results. Using 
a hypothetical mill the applicability of these approaches can 
be compared generally. In a specific application some problems 
may arise in modelling and in on-line measurements etc., but 
these problems are same for each method. 
The system consisting of processes and storage tanks can be 
modelled in the state space form 
Here the control variable u denotes the production rates of 
the process departments and x the amount of material in the 
storage. The required production schedule of pulp is denoted 
by the deterministic disturbance variable G. 
The steam balance can be written as 
where S is the production rate of the auxiliary boiler. 
Equations 1 and 2 can be written if: 
1. The dynamics of each process can be neglected. This 
is possible because the time delays after the product- 
ion rate changes are reasonable short compared with 
the time scale of optimization. 

2. The transfer properties of each process are constant, 
This means that the process departments use the raw 
materials and prepare the products always in the same 
ratio when the same quality is produced. 
3. The production schedule of the drying machine is given. 
Constant parameter matrices B, C, D and E can be determined 
by writing-up steady-state material and energy balances 
for each process. The complete vector-matrix presentation for 
Equation 1 is shown in Equation 3 
Equation 2 yields 
S(t) = L0.266 0.5432 0.478 -8.408 01u(t) + 
(0.377+0.490)vl (t) 
and 
The term 0 . 4 9 0 ~ ~  includes the amount of the steam consumed 
in the generation of the back pressure power and that used 
for warming up the processing water. These amounts are thus 
considered proportional to the production rate of pulp. 
The calculation of the production schedules for the actual 
mill is done with some discrete time intervals and therefore 
in the following the discrete time equivalence of Equations 
3...5 is used. 
The production rates of the process departments are constrained 
Min 5 .L 
ui ui(k) - uMax, k=O,l, ..., K-1 i 
where K is the number of the planning intervals. The upper 
Max, depend on the maximum capacities of the constraints, ui 
processes and also on the planned shut-downs of the processes. 
The lower constraints depend on the lowest possible (either 
economical or constructional) production rates. Here the fol- 
-, 
lowing numerical values are used (units m3/h) 
1 ;Max 
= [100,105,100,30,50] and 
The capacities of the storage tanks are constrained, too 
Min 5 C 
Xi xi(k) - xMax, k=O,l,. . . ,K. i 
Here the random disturbances are taken into account so that 
some part of storage capacity is always reserved in order to 
compensate these disturbances. In practical situations the 
size of these reserve capacities must be determined using 
the disturbance times and the times between the disturbances 
determined statistically for each process. Here, however, for 
Max 80 % of the maximal Min is set 20 % and xi each storage xi 
capacity of the storage. 
The production rate of the auxiliary boiler is constrained 
as 
Here the values sMin= 20 GJ/h and sMax= 80 GJ/h are used. 
TARGETS OF PRODUCTION CONTROL 
Production control aims at coordinating efficiently the 
operation of processes thus minimizing the costs of pro- 
duction. Energy consumption, energy generation and the 
actual production may have separate targets. The realization 
of these targets leads, however, to same results: undisturbed 
production results in even energy consumption and thus in 
even energy generation, too. 
Following requirements must be taken into consideration, when 
the production scheduling procedure is defined: 
The planned pulp production schedule must be realized. 
Quality disturbances are avoided by avoiding production 
rate changes. 
Planned shut-downs must be included in the scheduling 
in advance. 
Random disturbances must be taken into account. 
The production rate of bottleneck processes must be 
maximized. 
Storage tanks must not be empty or flow over. 
Storage capacity must be efficiently utilized. 
Appropriate target levels of the storage tanks at the 
end of the scheduling period must be assured. This 
facilitates the scheduling during the next period. 
Liquor and chemicals must be in balance. 
Process delays must be taken into consideration. 
Consumption and generation of energy (the steam) 
must be balanced. 
The production of the auxiliary boiler must be maxi- 
mized. 
In the auxiliary boiler the bark burning must be 
maximized (thus replacing oil in oil boilers). 
The operation and the steam generation capacity of the 
recovery boiler is closely connected to the operation of 
the chemical recovery cycle. It cannot be used to compen- 
sate short-term disturbances in the steam consumption. 
The indirect storing of the steam in pulp or in black 
liquor must be possible. 
It is difficult to put all these requirements into mathe- 
matical form without increasing the size and complexity of 
the scheduling problem. It is anyway possible to take them 
into account, either directly or indirectly, using the 
simple modelling approach presented before. It must be empha- 
sized that it is not necessary to include all these require- 
ments into the objective function. For instance, random dis- 
turbances can be taken into account by selecting suitable 
target levels and appropriate maximum and minimum constraints 
for the storage tanks. 
The overall target of the production control is to maximize 
the net profit. This can be done either by selecting the net 
profit function as a performance function (Golemanov, 1972, 
Golemanov and Koivula, 1973, Tinnis, 1974) or by minimizing 
the number of production rate changes (Petterson, 1969, 1970 a, 
LeiviskS and Uronen, 1979 a). 
SOLUTION METHODS 
Tamura's algorithm 
The application of Tamura's time delay algorithm to the opti- 
mization of process-storage systems has been considered pre- 
viously (Leiviska and Uronen, 1979 a,b) . The mathematical 
formulation is presented in the previous papers, too. Basically, 
this algorithm solves the decomposed maximum principle problem. 
A linear quadratic objective function is used 
-T - 
where 1 1; 1 1 = x Qx. The values of z0 (k) can be determined Q 
so that they are statistically the most advantageous as for 
the unplanned shut-downs (Edlund and Kalmen, 1974). 
Here the 50 % percent value for all the intermediary storages 
is used. 
0 For the values of ui we can write 
Constants y can be determined using material balances. 
The optimization problem is now 
Min J, when 
- - 
x(o)=xo and the Equations 3...8 are satisfied. 
According to Fig. 4 Tamura's algorithm can be described by 
two-level formulation. In this case only one variable alge- 
braic equations on the lowest level are considered. 
Simulation approach 
When simulation methods are used in production control the 
greatest difficulty is in obtaining adequate a priori in- 
formation so that the best possible production schedule can 
be obtained. Of course, one can start with an arbitrary 
production schedule. If all the constraints are fulfilled a 
feasible production schedule is obtained. If not, another 
schedule is applied until a feasible solution is obtained. 
This approach has following features: 
1. A feasible production schedule can easily be obtained, 
if the user is experienced in the production control 
of the mill in question. 
Figure 4. Hierarchical formulation of Tamura's time delay algorithm. 
2. The solution is, in no way, optimal, only feasible. 
3. If there are many alternatives to be simulated, the 
amount of manual work increases very much. 
Using a logical, heuristic algorithm instead of manual methods, 
the efficiency of the pure simulation approach is improved. 
Of course, a lot of experience is required in order to develop 
this kind of algorithm. 
The simulation program package was formulated hierarchically. 
according to Fig. 5. The hierarchical structure was selected 
in order to describe clearly the information flow inside the 
simulation system. The program package consists, in principle, 
of three separate blocks: 
1. Production rate calculation block 
2. Energy balance calculation block 
3. Print-out block. 
The functions of different programs are: 
PCSIMl 
PCFRCE 
PCSTOP 
PCSCHl 
PCSUPR The main program 
PCPROD The subroutine. The coordination program for 
production rate calculation 
PCMODU The subroutine. Determines the production 
schedule of a certain process department 
according to the constraints set by a certain 
intermediary storage 
The subroutine. Calculates the levels of the 
intermediary storages and shows the possible 
breaking-up of the constraints 
The subroutine. Checks the production rates 
The subroutine. Carries out the shut-down of 
a certain process 
The subroutine. Determines the initial pro- 
duction schedules based on the required pro- 
duction schedules of pulp and paper 
The subroutine. Calculates the total need of 
energy for the whole mill and the corresponding 
generation of the electric power 
p c s u p r  
Figure 5 .  The simulation program package. 
PCENER 
PCSTOR 
PCTEXT 
PCTRAJ 
PCTITL 
PCZERO 
The subroutine. The coordination program 
for the energy balance calculations 
Subroutines. Calculate the generation of 
energy by the recovery boiler, the pwer 
boiler and the amount of energy to be bought 
The subroutine. Considers the indirect 
storing of the steam 
The subroutine. Print-out as tables 
The subroutine. Print-out the trajectories 
of all variables to be considered 
The subroutine. Finds out the titles for 
different print-out options 
The subroutine. Sets the elements of a certain 
vector to zero 
The subroutine. Finds out the greatest element 
of a given vector. 
The most important programs are PCPROD and PCMODU. PCPROD 
forms the'decision to change the production rate of a certain 
process department. Correspondingly, this new production rate 
is calculated in PCMODU. 
More detailed information is presented elsewhere (Leiviska 
et al., 1980) . 
Network flow algorithm 
Linear programming can be used if the problem is determi- 
nistic and both the constraints and the objective function 
are linear. The capacity constraints in Equation 6 vary in 
fact stochastically and therefore some risk is included if 
a deterministic system is used. The random disturbances can, 
however, be eliminated by selecting proper storage tank le- 
vels. This means that enough reserve capacity is left so 
that the major random disturbances can be damped without 
changing the calculated production schedules. 
Now the following objective function can be used 
min J = C ci C 1uirk - u 
i=l k=l i,k-1 
I 
costs of production rate changes 
costs of deviations from the 
desired reference levels of the 
storage tanks 
In Equation 12 ci is the cost per unit caused by the pro- 
duction rate change in the process i, h. is the cost per 3 
unit caused by the deviation from the desired reference 
level of the storage tank j , xoPttk. This reference level 
3 
for each interval k is determined keeping the random dis- 
turbances in mind. Empty or full storages are not allowed. 
They are included in the constraints, but omitted in the 
objective function. 
The objective function in Equation 12 must be linearized. 
This can be done by introducing new variables 
and the corresponding constraints 
Now the objective function is 
5 K 5 K 
min J = Z ci E uitk + E ci E uwiIk 
i=1 k=l i=l k=l 
The production scheduling problem of the pulp mill in Fig. 3 
is solved using a standard Ford-Fulkerson 'out-of-kilter' 
algorithm (Ford and Fulkerson, 1962). This algorithm is a 
network flow algorithm and therefore the original problem 
must be formulated as a network flow problem. In comparison 
with a conventional LP-problem the network flow problem can 
be solved with a smaller computer memory capacity in shorter 
execution time. In this case this formulation corresponds 
also very closely the physical system, namely the actual ma- 
terial flows in the mill. 
Figure 6 shows a small part of the network of the pulp mill 
considered. Now the branches in the network have certain 
costs and upper and lower capacity constraints. The problem 
is to find the optimal route through the network in order 
to produce the required pulp production. 
COMPARISON OF THE SOLUTION METHODS 
The performance of the before mentioned approaches was 
compared using simulations with UNTVAC 1100/20-computer of 
the University of Oulu. The scheduling period was 2 days. 
It was divided into six scheduling intervals, 8 hours each. 
Figure 6 .  An example of network presentation. 
Legend: *Branches 130-160 are for the digester house during 
the first planning interval: 130 for optimal pro- 
duction 140, 150 for productions smaller and greater 
than optimal production and 160 is the loss branch. 
Branches 170-200 are for the digester house during 
the second planning interval. 
Branches 240-310 are for the bleach plant. 
Branches 10 and 20 are the initial states of the 
storage tanks. 
Branches 350-370 are for the storage tank x2: 350 
for optimal level and 360 and 370 for levels smaller 
and greater than the optimal level. 
Here only two planning intervals are considered. 
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APPENDIX 
FOREST INDUSTRY - ISSUES FOR THE EIGHTIES 
Notes of  a meeting of t h e  use  of systems 
a n a l y s i s  i n  t h e  F o r e s t  Indus t ry  h e l d  a t  
I IASA 
1. Purpose of  Meeting 
The purpose of  t h e  meeting was f o r  r e p r e s e n t a t i v e s  o f  
t h e  F o r e s t r y  and F o r e s t  Produc ts  I n d u s t r i e s ,  t o g e t h e r  w i th  
a s s o c i a t e d  r e s e a r c h  workers,  t o  m e e t  t o  d i s c u s s  t h e  p r e s e n t  
s t a t e  of  t h e  a r t  of  system a n a l y s i s  i n  t h e  I n d u s t r y ,  and t o  
cons ide r  p roposa l s  prepared by IIASA t o  i n i t i a t e  a j o i n t  
c o l l a b o r a t i v e  s tudy  under t h e  gene ra l  t i t l e  - I s s u e s  f o r  
t h e  E i g h t i e s .  
2 .  General  Background 
The o r i g i n a l  p roposa l  t h a t  IIASA should under take 
a s tudy  i n  t h e  F o r e s t  I n d u s t r i e s  was f i r s t  proposed by 
F inn i sh  r e p r e s e n t a t i v e s  i n  1978, and w a s  i nco rpo ra t ed  
i n t o  r e s e a r c h  p lan  f o r  t h e  I n s t i t u t e  f o r  1979. General  
p roposa l s  were drawn up a t  a  smal l  t a s k  f o r c e  meeting wi th  
r e p r e s e n t a t i v e s  from Canada, Sweden and F in land  i n  J u l y ,  
1979, and subsequent  d i s c u s s i o n s  had been he ld  i n  t h e  
Nordic c o u n t r i e s ,  N .  America and t h e  U.S.S.R. The g e n e r a l  
p roposa l  was i n  t h e  form of a c o l l a b o r a t i v e  s tudy  - t o  be  
undertaken i n  i n d i v i d u a l  c o u n t r i e s  a s  w e l l  as a t  IIASA - 
t o  i d e n t i f y  t h e  main problems f a c i n g  t h e  i n d u s t r y  i n  t h e  
19801s ,  t o  e x p l o r e  where system a n a l y s i s  might h e l p ,  t o  
i d e n t i f y  t h e  s t a t e  o f  t h e  a r t  and under take a c r i t i c a l  
comparative a n a l y s i s  o f  t h e  t o o l s  a v a i l a b l e ,  and f i n a l l y  
t o  ag ree  on a coo rd ina t ed  r e s e a r c h  plan.  D e t a i l s  o f  IIASA's 
p roposa ls  a r e  set  o u t  i n  t h e  Annex t o  t h e s e  n o t e s ,  Paper 
F N / 1  and FN/2. 
The meeting was at tended by 4 0  p a r t i c i p a n t s  from 1 2  
coun t r i e s :  Canada, United Kingdom, USA, Netherlands,  Aus t r i a ,  
Sweden, Hungary, Finland, USSR Japan, BRD and Norway. The 
agenda and l i s t  of p a r t i c i p a n t s  a r e  a l s o  included i n  t h e  Annex. 
The b a s i c  design was t o  s t a r t  with genera l  d i scuss ions  o r  
problems and t h e  p o s s i b i l i t i e s  of cooperat ion,  and then t o  
continue with more t e c h n i c a l  d iscuss ions  of p a r t i c u l a r  models. 
Many of t h e  indus t ry  r ep resen ta t ives  however s tayed throughout 
t h e  meeting, and t h e  wide range of models being appl ied  i n  
t h e  indus t ry  in d i f f e r e n t  coun t r i e s  showed t h a t  t h e  p o t e n t i a l  
impact of systems a n a l y s i s  was wider than most people had 
imagined. 
The purpose of t h e s e  no tes  i s  t o  review t h e  main i tems 
d iscussed ,  and t o  i n d i c a t e  t h e  genera l  conclusions.  (Copies 
of r e l evan t  papers  can be obtained from IIASA a t  c o s t . )  A 
program of work i s  now being developed by t h e  Management and 
Technology Area a t  IIASA, and i n t e r e s t e d  persons should 
con tac t  t h e  Area Chairman. 
3 .  Survey of problems and s t r u c t u r a l  changes 
i n  t h e  Fores t  Indus t ry  i n  d i f f e r e n t  coun t r i e s .  
The f i r s t  working sess ion  included t h e  keynote address  
by M r .  P. R a u t a l a h t i ,  Pres ident  of V e i t s i l u o t o  Co. Kemi, 
Finland, and a survey on a c t u a l  problems and s t r u c t u r a l  changes 
i n  t h e  next  10-15 yea r s  by i n d u s t r i a l  speakers  from following 
coun t r i e s  : 
Canada 
USA 
USSR 
Sweden 
: D r .  K.M. Thompson 
Pulp and Paper Research I n s t i t u t e  
of  Canada 
Pointe  C l a i r e .  
: D r .  P.E. W r i s t  
Vice President--Technology 
The Mead Corporat ion,  
Dayton, Ohio. 
: D r .  A. Iakunin 
Direc tor  
The USSR All-Union Research & 
Design I n s t i t u t e  on Economics, 
Production Management & 
Information of Fores t ry ,  
Pulg & Paper,  & Wood-Working 
of t h e  USSR Fores t  & Wood- 
Workin9 Minis t ry ,  
Moscow. 
: D r .  B. Holmberg 
AB S t a t e n s  Skogs indus t r ie r  (ASSI) 
Stockholm. 
Japan 
Aus t r i a  
Developing 
Count r ies  
: D r .  S.T. Konari 
Corporate Planning Div is ion  
J u j o  Paper Company Limited 
Tokyo. 
: M r .  A. Grayson 
Chief Economist 
Fores t ry  Commission 
Edinburgh 
: Dipl .  Ing. D r .  0. Eckmfillner 
U n i v e r s i t a t  ffir Bodenkultur 
Wien . 
: Prof .  D r .  D. Noack 
: U n i v e r s i t a t  Hamburg und Bundes- 
fo r schungsans ta l t  f a r  Fors t -  
und Holzwir t schaf t  
Hamburg. 
I n  a d d i t i o n  t o  t h i s ,  M r .  J. Kettunen, R&D D i r e c t o r ,  
Me t sa l i i t on  T e o l l i s u u s  Co., Kirkniemi, Finland,  s h o r t l y  
presented  a  l i s t  of p o s s i b l e  r e sea rch  t o p i c s ,  w i th  p r i o r i t i e s ,  
proposed by t h e  F innish  Fores t  Indus t ry  (Appendix 1). 
Prof .  Ake Andersson (IIASA/Sweden) prepared a  summary 
of t h e  main problems r e f e r r e d  t o  i n  t h e s e  d i s c u s s i o n s  (Table 
1). H e  a l s o  d i scussed  t h e  development t r e n d s  and importance 
of  t h e  f o r e s t  i n d u s t r y  i n  n a t i o n a l  economies i n  v a r i o u s  
coun t r i e s .  
From t h i s  summary and t h e  subsequent d i scuss ion ,  t h e  
fol lowinq conclus ions  emerged: 
- Most of t h e  i s s u e s  l i s t e d  a r e  recognized i n  a l l  c o u n t r i e s  
but  t h e i r  importance and p r i o r i t i e s  v a r i e d ,  depending on 
t h e  "bas i s "  of t h e  i n d u s t r y  (import  based; Japan,  U K ,  o r  
expor t ing  c o u n t r i e s  Canada, Finland,  Sweden). 
- The changing p r i c e  and a v a i l a b i l i t y  of  energy could have 
a  major impact on t h e  p a t t e r n s  of product ion i n  t h e  
indus t ry .  
- The i n t e r n a t i o n a l  and g l o b a l  e f f e c t s  and t r e n d s  inc lud ing  
t h e  changes i n  monetary exchange r a t e s  were given much 
emphasis. 
- I n  gene ra l  t h e  ques t ions  r e l a t i n g  demand and supply,  c o s t s  
and e f f i c i e n c y  a r e  c r i t i c a l .  
- The c y c l i c i t y  of bus iness  and of investment w e r e  important  
f a c t o r s ,  a s  was i t s  high c a p i t a l  i n t ens iveness .  The 
f o r e s t  i n d u s t r y  is  very  slow i n  innovat ion and R&D. The 
ques t ion  is  no t  s o  much about g e t t i n g  money i n  good 
p r o j e c t s  bu t  merely how t o  organize  and p lan  t h e  R&D work 
and how t o  ga in  momentum i n  innovat ion work. 
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- Regional e f f e c t s  of  f o r e s t  i ndus t ry  w e r e  a l s o  recognized 
by many speakers .  
- I n  t h e  longer  term t h e  u l t ima te  ques t ion  w i l l  be,  what 
is  t h e  "optimal" usage o f  t h e  f o r e s t  biomass; t h e  balance 
between burning (energy) , sawing (mechanical wood indus t ry )  , 
pulping (paper product ion)  and o t h e r  usages.  Other usages 
inc lude  a .0 .  r e c r e a t i o n a l  usage,  w i lde rness ,  forage  and 
watershead. Close ly  connected wi th  t h i s  balanced mul t i -  
usage of  f o r e s t s  a r e  many environmental e f f e c t s  ( c l ima te  
e f f e c t s ,  e f f e c t s  on land and water ,  e f f e c t s  of heavy 
p l a n t a t i o n  i n  t h e  ecology e t c ) .  For most r eg ions  t h e  
ques t ion  here  i s  : how t o  change from f o r e s t  mining t o  
f o r e s t  management . 
4.  I n t e r n a t i o n a l  Co l l abora t ive  P r o j e c t .  
IIASAts p r o v i s i o n a l  p r o j e c t  p roposa ls  w e r e  discussed  a t  
length.  I n  gene ra l ,  t h e  va lue  of  such a  s tudy ,  organized i n  
t h i s  way, was accepted.  A l l  p a r t i c i p a n t s  f e l t  t h a t  IIASA 
had a  va luable  c o n t r i b u t i o n  t o  make and hoped t h a t  work a t  
IIASA would be cont inued.  The es tab l i shment  of n a t i o n a l  r e fe rence  
groups i n  t h e  i n d i v i d u a l  c o u n t r i e s  was c l e a r l y  important  bu t  
would need d e l i c a t e  n e g o t i a t i o n  i n  some c o u n t r i e s .  This  would 
t ake  a  l i t t l e  t i m e .  The re sea rch  t o p i c s  g e n e r a l l y  i n t e r e s t i n g  
and s u i t a b l e . f o r  IIASA suggested by most speakers  can be 
l i s t e d  a s  fol lows:  
i) Methodology 
- surveys on e x i s t i n g  and ongoing r e sea rch  and a p p l i c a t i o n s  
concerning systems a n a l y s i s  i n  t h e  f o r e s t  s e c t o r ,  
- c r i t i c a l  review and s tudy  o f  a p p l i c a b i l i t y  o f  t h e  e x i s t i n g  
models, 
- development o f  methodology f o r  e v a l u a t i n g  t h e  economical 
impacts o f  d i f f e r e n t  governmental and o t h e r  r egu la t ions .  
ii) S t u d i e s  on i n t e r n a t i o n a l  t r a d e  
- world t r a d e  modeling, 
- e f f e c t s  of  changes i n  monetary system, t a r i f f s  etc. 
iii) Technological  change 
- innovat ion 
- computer izat ion 
- r i s k  and u n c e r t a i n t y  
- s t u d i e s  on i n t e g r a t e d  o rgan iza t ions .  
i v )  Regional and National a spec t s  
- c y c l i c a l  cha rac te r  of t h e  business  
- investment consequences 
Swedish and Finnish n a t i o n a l  p r o j e c t s  have a l ready been 
es tab l i shed  and they were s h o r t l y  repor ted  and discussed.  In  
Finland a  3 years  p r o j e c t  has  j u s t  s t a r t e d  concerning h i e r a r -  
c h i c a l  production planning and management information systems 
i n  t h e  f o r e s t  indus t ry .  The small-scale computer s tudy a t  
IIASA i s  r e l evan t  t o  t h i s  work and c l o s e  cooperat ion between 
those s t u d i e s  is  a n t i c i p a t e d .  I n  add i t ion  t o  t h i s ,  a  p r o j e c t  
concerning t h e  modeling of t h e  Finnish f o r e s t  s e c t o r  has now 
been almost completed. This  p r o j e c t  has  a l s o  had a  d i r e c t  
l i n k  and cont inuat ion  a t  IIASA. In Sweden a  p r o j e c t  s tudying 
regional  e f f e c t s  of t h e  f o r e s t  indus t ry  and r e g i o n a l i z a t i o n  
of t h e  f o r e s t  s e c t o r  models is  now i n  i t s  planning s t a g e .  The 
p a r t i c i p a n t s  from t h e  US and Canada a.0.  uraed t h e  needs f o r  
organizing t h e  n a t i o n a l  p r o j e c t s  and support  t o  IIASA. D r .  
Iakunin of USSR s t a t e d  t h a t  t h e  b igges t  i n t e r e s t  i n  h i s  country 
is a review of a v a i l a b l e  models, in  technologica l  change and 
i n  s t u d i e s  of i n d u s t r i a l  complexes. 
5. Technical Sess ions  
The four  t e c h n i c a l  sess ions  were : 
"Modeling of world market and g loba l  a spec t s" ,  
"National and Regional Modeling of t h e  Fores t  Sec tor" ,  
"Fores t  Management" and 
"Management Systems i n  t h e  Fores t  Industry".  
Most of t h e  papers presented i n  t h e s e  sess ions  were 
d i s t r i b u t e d  t o  t h e  p a r t i c i p a n t s  before  o r  during t h e  workshop. 
L i s t  of t h e  papers a v a i l a b l e  is  on Appendix 2 .  
6 .  Summary and Conclusions 
The summing up of t h e  workshop was done by M r .  L e s  Reed, 
Pres ident  of F.L.C. Reed & Associates  Ltd. ,  Vancouver, Canada 
and h i s  summary is  enclosed a s  Appendix 3 .  In summary and 
f i n a l  d iscuss ion  t h e  fol lowing conclusions were reached: 
i) The worksho~, was use fu l  and success fu l .  IIASA i s  doing 
re levan t  work i n  t h i s  a r e a  and it has an important p a r t  
t o  p lay  i n  t h e  exchange of information and i n t e r n a t i o n a l  
co l l abora t ion .  
ii) There was gene ra l  suppor t  f o r  an i n t e r n a t i o n a l  c o l l a b o r a t i v e  
p r o j e c t .  The s t a r t - u p  of n a t i o n a l  p r o j e c t s ,  and t h e  
c o l l e c t i o n  of a d d i t i o n a l  funding f o r  new work a t  IIASA, 
would t a k e  s e v e r a l  months t o  o rgan i se ,  s o  it was u n l i k e l y  
t h a t  a  major s tudy  of  world t r a d e  could be mounted u n t i l  
1981. Recruitment f o r  such a  t a s k  would need t o  s t a r t  
i n  mid 1980. 
iii) Meanwhile IIASA would cont inue  i ts  e x i s t i n g  work, concen- 
t r a t i n g  on 
- con t inua t ion  of survey s t u d i e s ;  
- c r i t i c a l  review of  t h e  e x i s t i n g  f o r e s t  s e c t o r  models and 
t h e i r  a p p l i c a b i l i t y .  A seminar ( l a s t i n a  1 o r  2 weeks) f o r  
model s p e c i a l i s t s  would be organized a t  t h e  end of 1990, 
- t h e  re levance  of  e x i s t i n g  work on innovat ion ,  computeriza- 
t i o n ,  r i s k ,  and r e g i o n a l  s t u d i e s  t o  t h e  F o r e s t  Indus t ry  
would be f u r t h e r  explored.  
i v )  I n t e r e s t e d  member c o u n t r i e s  should organize  t h e i r  n a t i o n a l  
s t u d i e s  and r e f e r e n c e  groups a s  soon a s  p o s s i b l e  wi th  
p r i o r i t i e s  and t iming  f o r  t h e  p r o j e c t s .  
v i )  IIASA was a  s u i t a b l e  c e n t r e  f o r  f u r t h e r  workshops and 
conferences .  
v i i )  The t i m e  schedule  f o r  t h e  i n t e r n a t i o n a l  c o l l a b o r a t i v e  
p r o j e c t  a t  f i r s t  s t a g e  w i l l  be 2/3 yea r s .  
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ANNEX to FN/3 
AGENDA 
Forest Industry Workshop, January 8-1 1, 1980 
Wodak Room, I IASA, Laxenburg, Austr ia  
Tuesday, January 8 
Chai man: R. Tom1 inson, I IASA 
GENERAL PART 
8.45 Regis t r a t i  on 
9.00 Opening and We1 come t o  I IASA 
9.30 The Use o f  Systems Analysis i n  Indus t r ia l  
Deci s ion-Maki ng 
10.00 Keynote Address 
10.30 Coffee Break 
10.45 Structural  Problems i n  the Forestry/Forest 
Industry Sector. A world-wide survey by 
speakers from d i f f e r e n t  countries. 
12.30 Lunch 
14.00 Presentations f r o m  d i f f e r e n t  countries continued 
15.45 Tea Break 
16.00 1IASA1s Forest Industry Pro ject  
Discussion 
18.00 Heuriger 
R. Levien, I I A S A  
R. Tomlinson, I I A S A  
P. Rautalahti, Finland 
P. Uronen and 
R. Tomlinson, I I A S A  
Wednesday, January 9 
Chairman: P. Wrist, USA 
9.00 An Overview on the Use o f  System Analysis i n  the Uronen, I UsA the Forest Sector 
9.30 Opening Remarks for  the Discussion A. Andersson, I I A S A  
10.00 Discussion about the Use of Systems Analysis 
i n  the Forest Sector 
10.30 Coffee Break 
Wednesday, January 9 (continued) 
10.45 Discussion on s u i t a b l e  topi  cs and arrangemnts  
f o r  a co l l abora t ive  study 
12.15 Conclusions and Recomendations f o r  the  Forest  R. Tomlinson, IIASA 
Industry Pro jec t  and L. Reed, Canada 
12.30 Lunch 
APPL ICATION PART 
Session: "Modeling of  World Market and Global Aspectsu 
Chai rman: A. Wierzbi cki , I IASA 
14.00 -- "On t h e  P o s s i b i l i t y  of Creating Consis tent  
Forecasts  o f  World Trade i n  Forestry A. Anderson,  IIASA 
Products1' 
-- "World Economical Modeling" 0. Nyhus , IIASA 
15.45 Tea Break 
16.00- -- "Comparative Economics of  P lan ta t ion  
1 7.30 R. Sedjo, USA Forestry" 
- - " In tegrated U t f  1 i zat ion of Tropical 
Forests  0. Noack, FRG 
Thursday, January 10 
Session: "National and Regional Modeling of the  Fores t  Sector" 
Chairman: M. Albegov, IIASA 
9.00 -- "Fores t  Sector  Model " 
- - "The Forest  Industry and Regional and 
Indus t r i a l  Development Po l ic ies  
M. Kallio,  IIASA and 
R. SeppJla, Finland 
8. Johansson , Sweden 
10.30 Coffee Break 
10.45 -- "The Fores t  Industry Model of Canada" K. J eg r ,  Canada 
- - "Modeling of t he  Swedish Forest  Sector" S. Nilsson, Sweden 
12.30 Lunch 
Session : " Forest  Management" 
Chai man: L. Ltlnnstedt, Sweden 
14.00 -- "Applications of Systems Analysis in US 
Fores t  Service Assessments and Pl anning" C. Row, USA 
- - "A Multiple Cr i t e r ion  Two-Stage Model f o r  
National Fores t  Management Pl anni ng" P. Dress, U S A  
-- "Spatial  I n t eg r i t y  i n  Fores t  Planning Models" O. Dykstra, USA 
15.45 Tea Break I 
Thursday, January 10 (continued( 
16.00 -- "Modeling Tirnber Supply from P r i  vate 
Nonindustrial Forests" C. Binkley, USA 
- - "Devel oprnent o f  a Mathemati cal-Economi c 
Computer Mode1 f o r  Updating the Hungarian I. Gondocs , Hungary 
Forest Management Sys tern" 
Friday, January 11 
Session: "Management Systems i n  the Foresc Industry" 
Chai rman : R. Tom1 i nson , I IASA 
9.00 -- "Management System i n  Forest Industry: 
An Overview" 
-- "Methods f o r  Production Planning i n  an 
Integrated Pulp and Paper M i l l "  
P. Uronen, I I A S A  
K. Leiviska, Finland 
10.30 Coffee Break 
10.45 -- . " A  Production Planning System for  Pulp and 
Paper M i  11s" L. Einarson, Sweden 
12.00 Concluding Remarks and Summary o f  the Workshop 1. Reed, Canada 
12.30 Closure. 
/s nh 
7 January 1980 
THE FOREST INDUSTRY--ISSUES FOR THE EIGHTIES 
An I I A S A  Indus t ry  P r o j e c t  
Discussion Papers of t h e  Planning 
Task Force Meeting 
J u l y  10-12, 1979 
GENERAL 
(1 )  The I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied Systems Analysis is 
a non-governmental r e sea rch  i n s t i t u t e  based a t  Schloss  Laxenburg, 
Vienna, s tudying common problems of  the  developed world. It is 
funded by seventeen member c o u n t r i e s  through t h e i r  Academies of  
Science o r  a nominated s c i e n t i f i c  body of s i m i l a r  s tanding .  Most 
of t h e  work is undertaken by scho la r s  from t h e  member coun t r i e s  
seconded f o r  one o r  two yea r s  from t h e i r  home i n s t i t u t i o n s ,  which 
may be indus t ry ,  independent research  o r g a n i s a t i o n s ,  o r  univers i -  
t i e s .  The problems t ack led  a r e  organised i n t o  two Programs: 
Energy, and Food and Agr icu l tu re ;  and four  research  Areas: Re- 
sources and Environment, Human s e t t l e m e n t s  and Serv ices ,  Management 
and Technology, and System and Decision Sciences.  There is a l s o  
a General Research Area which inc ludes  t h e  s tudy of  r eg iona l  de- 
velopment problems. The work is ' a p p l i e d '  i n  t h e  sense  t h a t  it 
is d i r e c t e d  towards r e a l  problems, and at tempts  t o  provide improved 
information and methodology f o r  t h e  use of  those  who advise  man- 
agers  and decision-makers, a t  both o r g a n i s a t i o n a l  and n a t i o n a l  
l e v e l s ,  i n  t h e  member coun t r i e s .  One example of t h i s  is t h e  work 
t h a t  I I A S A  has done e a r l i e r  on the  budwonn problem. 
( 2 )  For t h e  purposes o f  research ,  it has been necessary t o  iden- 
t i f y  IIASA's research  program i n  terms o f  d i s t i n c t  t a sks .  For 
example, t h e  Management and Technology Area has four  main t a s k s  
which a r e  c u r r e n t l y  being researched,  namely: problems of indus- 
t r i a l  innovat ion,  ques t ions  of s c a l e ,  t h e  impact of  small-scale  
computer systems on management and o rgan i sa t ion ,  and management 
problems assoc ia ted  wi th  high r i s k  technology. In  p r a c t i c e ,  how- 
ever ,  t h e  problems which face  management do n o t  d i v i d e  i n t o  such 
simple ca tegor ies .  Problems a r e  i n t e r r e l a t e d  and a r e  becoming 
ever  more complex. The r a t e  of change i n  our  s o c i e t y  i s  such t h a t  
new problems a r e  c o n t i n u a l l y  a r i s i n g  and i f  w e  a r e  t o  meet them 
adequ a t e ly ,  w e  need t o  p r e p a r e  t h e  t o o l s  and a n a l y s i s  w e l l  i n  ad- 
vance. Systems a n a l y s i s  i s  i n c r e a s i n g l y  becoming a  major  t o o l  f o r  
use  i n  such s i t u a t i o n s .  
( 3 )  I f ,  however, sys tems a n a l y s i s  i s  t o  b e  e f f e c t i v e l y  used i n  an 
i n d u s t r y ,  t h e  t oo l s  need t o  be  developed i n  c o o p e r a t i o n  wi th  man- 
agement i n  t h e  i n d u s t r y .  The problems w e  a r e  c o n s i d e r i n g  canno t  
be  removed from the r e a l - l i f e  c o n t a c t  and t r e a t e d  c l i n i c a l l y  a s  i n  
a  l a b o r a t o r y .  S i n c e  it is  n o t  t h e  f u n c t i o n  o f  IIASA t o  a c t  a s  
direct  c o n s u l t a n t s  t o  i n d u s t r y  i n  any one  coun t ry  w e  can  o n l y  e f -  
f  e c t i v e l y  deve lop  an  improved methodology i n  con j u n c t i o n  w i t h  ana- 
l y s t s  and p o l i c y  a d v i s e r s  i n  t h o s e  o r g a n i s a t i o n s ;  
( 4 )  From what  h a s  been s a i d ,  i f  IIASA is  t o  improve t h e  methodol- 
ogy a v a i l a b l e  f o r  t h e  a s s i s t a n c e  o f  decis ion-makers  i n  i n d u s t r y ,  
it is  ne c e s sa ry  f o r  them t o  engage on "whole i n d u s t r y "  s t u d i e s .  
Equa l l y ,  such s t u d i e s  are n e c e s s a r y  i f  i n d u s t r y ,  i n  t h e  v a r i o u s  
member c o u n t r i e s ,  a r e  t o  g e t  f u l l  v a l u e  from IIASA's r e s e a r c h .  
Because o f  t h i s ,  and t h e  i n t e r n a t i o n a l  n a t u r e  o f  IIASA's work, w e  
have been l ed  t o  c o n s i d e r  t h e  p o s s i b i l i t y  o f  i n t e r n a t i o n a l  c o l l a b -  
o r a t i v e  s t u d i e s  i n  s e l e c t e d  i n d u s t r i e s  which a r e  f a c i n g  major  
problems o f  change i n  many c o u n t r i e s  o v e r  the n e x t  t e n  t c  twenty  
y e a r s .  
( 5 )  The p o t e n t i a l  advan t ages  t o  t h e  i n d u s t r y  chosen o f  such  a 
s t u d y  i n  o b t a i n i n g  b e t t e r  i n f o r m a t i o n  on wor ld  i s s u e s ,  i n  s h a r i n g  
e x p e r i e n c e  and t e c h n i q u e s ,  i n  engag ing  i n  common r e s e a r c h  and i n  
drawing on t h e  wide knowledge o f  sys tems a n a l y s i s  which can  b e  
o b t a i n e d  through t h e  I n s t i t u t e  seem c o n s i d e r a b l e .  W e  do n o t  pre-  
t e n d  t h a t  w e  w i l l  s o l v e  problems f o r  i n d i v i d u a l  i n d u s t r i e s ,  b u t  
w e  do  b e l i e v e  t h a t  we can  h e l p  to  p r o v i d e  tools  t h a t  w i l l  h e l p  
management t o  explore t h e  p o s s i b l e  consequences  o f  the r ange  o f  
d e c i s i o n s  a v a i l a b l e  to  t h e m .  
(6) The f i r s t  i n d u s t r y  chosen  f o r  s t u d y  i n  t h i s  way is t h e  c o a l  
i n d u s t r y  and t h e  work h a s  a l r e a d y  begun. Fol lowing d i s c u s s i o n s  
i n  ma n y -coun t r i e s ,  t h e  f o r e s t r y / f o r e s t  p r o d u c t s  i n d u s t r y  ha s  been 
i d e n t i f i e d  as a  second i n d u s t r y  where such  a n  approach is o f  po- 
t e n t i a l  v a l u e .  
( 7 )  W e  see t h i s  a s  e s s e n t i a l l y  a  c o l l a b o r a t i v e  r e s e a r c h  e f f o r t  
i n  which t h e  m a j o r i t y  o f  t h e  r e s e a r c h  w i l l  b e  under taken  on  a na- 
t i o n a l  b a s i s .  T h i s  is  where t h e  e x p e r t i s e  a l r e a d y  l i e s  and t h e  
problems t o  be t a c k l e d  a r e  t h o s e  t o  which many o f  t h e s e  teams a r e  
a l r e a d y  p l ann ing  to  devo t e  a t t e n t i o n .  The r o l e  o f  IIASA w i l l  b e  
a s  f o l l o ws :  
(i) t o  p rov ide  a  sys tems  framework f o r  t h e  whole s t u d y ,  
whereby s e p a r a t e  p a r t s  can  be  a n a l y s e d  and i n t e r -  
r e l a t e d ;  
(ii) t o  p r o v i d e  a  conven i en t  v e h i c l e  f o r  i n f o r m a t i o n  
exchange ; 
(iii) t o  advise  and he lp  develop appropr ia t e  methodologies*; 
( i v )  coordina te  t h e  work and ensure t h a t ,  so f a r  a s  is  pos- 
s i b l e ,  t h e  ind iv idua l  p ieces  o f  research  a r e  r e l evan t  
t o  a l l  p a r t i c i p a n t s ;  and 
(v)  make r e s u l t s  o f  t h e  work avai lable  t o  p a r t i c i p a n t s  
through r e p o r t s ,  conferences,  e t c  . 
( 8 )  The i n i t i a l  s t e p  w i l l  be t o  hold a  workshop a t  I I A S A  on 
October 2-5, 1979 a t  which management w i l l  be i n v i t e d  t o  comment 
on t h e  r e l a t i v e  importance of t h e  var ious  problems t h a t  w i l l  have 
been suggested i n  d i scuss ion  documents and t o  i d e n t i f y  t o p i c s  under 
s o  l i s t e d .  They w i l l  a l s o  be asked t o  i n d i c a t e  t h e i r  degree of 
support  f o r  working on i n d i v i d u a l  t o p i c s  i n  terms o f  research  e f -  
f o r t  t h a t  they would be w i l l i n g  t o  provide i n  t h e i r  c o u n t r i e s  o r  
f o r  support  of  r e sea rch  a t  I I A S A  o r  elsewhere. The second p a r t  
of t h e  workshop w i l l  be devoted t o  an information exchange between 
a n a l y s t s  t o  explore  appropr ia t e  methodologies f o r  t h e s e  var ious  
problems. 
(9)  Two of t h e  c o u n t r i e s  concerned have a l ready s e t  up a n a l y t i c a l  
teams t o  s tudy t h e  ques t ions  set o u t  i n  t h e s e  no tes  and o t h e r s  a r e  
known t o  be cons ider ing  doing so.  It  is important t h a t  t h e  work 
should be done i n ,  and through, such a n a l y t i c  teams. I n  o r d e r  t o  
ensure t h a t  t h e  work remains focussed on t h e  problems a s  seen by 
nanagement i n  t h e  i n d u s t r y ,  it would a l s o  be necessary t o  e s t a b l i s h  
a  ' r e fe rence  group' o f  s e n i o r  managers t o  advise  on developments 
and, i n  e f f e c t  t o  commission t h e  work. A r e fe rence  group f o r  IIASA 
work with r e p r e s e n t a t i v e s  from a l l  NKO's  a c t i v e l y  involved i n  t h e  
p r o j e c t  would a l s o  be e s t a b l i s h e d .  Fiqure 2 desc r ibes  t h e  proposed 
o rgan i sa t ion  of  t h e  p r o j e c t .  
( 1 0 )  For t h e  purposes of  e a s i e r  d i scuss ion ,  t h e  problems w i l l  be 
divided i n t o  t h r e e  groupings: resource management, s t r u c t u r i n g  and 
planning, and product ion inc luding  t h e  ques t ions  of energy and 
po l lu t ion .  Figure 1 i n d i c a t e s  now t h e  whole indus t ry  s tudy might 
be developed. A s h o r t  d i scuss ion  paper has  been prepared on each 
o f  t h e  s u b j e c t  a r e a s  and t h i s  w i l l  be t h e  b a s i s  of t h e  d i scuss ion  
a t  t h e  workshop. 
( 1 1 )  A r e l a t i v e l y  smal l  amount of funding f o r  t h i s  p r o j e c t  is 
a v a i l a b l e  from i n t e r n a l  I I A S A  resources.  I n  view of t h e  d i r e c t  
value of t h e  work t o  t h e  i n d u s t r i e s  concerned i t .  is  hoped t h a t  .it 
would be se l f -suppor t ing  and t h a t  t h e  necessary resources  a t  IIASA 
could be provided through indus t ry  secondments o r  from d i r e c t  
f i n a n c i a l  support  of I I A S A  s t a f f .  
* I I A S A  is al ready undertaking much work which is r e l e v a n t  i n  meth- 
odology o r  d i r e c t  c o n t a c t ,  t o  t h e  s t u d i e s  envisaged here.  I t  is 
studying problems of world demand and supply i n  energy and agr i -  
c u l t u r e ;  it i s  looking a t  ques t ions  of  t h e  envi rom-ent ,  innovation 
and technologica l  change, problems of s c a l e ,  impact of  mini-micro 
computers, e t c .  These teams would be a v a i l a b l e  f o r  comment and 
advice,  and could i n  some i n s t a n c e s ,  engage on case  s t u d i e s  with 
t h e  f o r e s t  i n d u s t r i e s .  
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Figure  1: The I n t e r n a t i o n a l  P r o j e c t  a t  IIASA, "The Whole 
Indus t ry  Study. 
( 1 2 )  To conclude,  t h e  purpose of  t h i s  work is  t o  provide management 
i n  t h e  f o r e s t r y / f o r e s t  p roducts  indus t ry  w i t h  b e t t e r  information 
and b e t t e r  t o o l s  o f  a n a l y s i s  t h a t  can be used by an i n d i v i d u a l  na- 
t i o n  o r  company i n  unders tanding i t s  own problems and i n  developing 
t h e i r  own s t r a t e g y .  To t h e  b e s t  o f  our  knowledge, it does no t  
d u p l i c a t e  work being undertaken anywhere else and should provide 
an e x i s t i n g  breakthrough i n  mutual ly  advantageous coopera t ion .  
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Figure 2:  Possible Organisation of Forestry Study. 
Appendix t o  FN/l. 
I t  is  proposed t h a t  w e  should  c o n s i d e r  t h e  o v e r a l l  t o p i c  
under t h r e e  s u b j e c t  a r e a s  a s  i n d i c a t e d  i n  t h e  fo l l owing  diagram. 
The fo l lowing  pape r s  d i s c u s s  each o f  t h e  a r e a s  i n  t u r n .  
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AREA 1-- RESOURCE MANAGEMENT 
For t h e  purposes  o f  t h i s  d i s c u s s i o n ,  Area 1--Resource Manage- 
ment i n c l u d e s  t h e  a c t i v i t i e s  a s s o c i a t e d  w i t h  growing, h a r v e s t i n g  
and t r a n s p o r t i n g  f i b r e  t o  t h e  p r o c e s s i n g  si te .  Although t h i s  is 
a  complex A r e a ,  i t  is p o s s i b l e  t o  demons t ra te  t h e  advantages  o f  a  
systems approach t o  p l ann ing  by c o n s i d e r i n q  f o u r  c h a r a c t e r i s t i c  
i s s u e s  o f  t h e  Area. These are: 
( 1 )  The i n t e r a c t i o n  o f  f i b r e  supply ,  f i b r e  p r i c e ,  and 
produc t  mix. 
( 2 )  The i n t e r n a l  compet i t ion  ( w i t h i n  t o t a l  f o r e s t r y )  f o r  
t h e  a v a i l a b l e  f o r e s t  p r o d u c t i v i t y ,  i n c l u d i n g  such t r ade -  
o f f s  a s  between pulpwood, sawlogs and energy u s e s ,  o r  
be tween consumptive o r  non-consumptive uses .  
( 3 )  The flow o f  biomass from a  f o r e s t  u n i t  i n  terms of  
q u a n t i t y  and q u a l i t y ,  i n c l u d i n g  how t h i s  i s  i n f luenced  
by over-  and under -harves t ing .  
( 4 )  The s o c i a l  e f f e c t s  of  t h e  mechanisat ion o f  h a r v e s t i n g .  
These i s s u e s  each c o n t a i n  i n t e r r e l a t i o n s  and,  wh i l e  t hey  may 
appear  independent o f  one a n o t h e r ,  i n s p e c t i o n  w i l l  r e v e a l  a  series 
o f  i n t e r a c t i o n s .  A systems approach p rov ides  a  s y s t e m a t i c  scheme 
f o r  e v a l u a t i n g  t h e  i n f l u e n c e  o f  t h e s e  i n t e r a c t i o n s .  For example, 
a  s imple  sys tem s t r u c t u r e  i n  which t h e  f low o f  a c t u a l  m a t e r i a l  i s  
shown a s  s o l i d  l i n e s  and t h e  f l ow  o f  i n fo rma t ion  involved  i n  
d e c i s i o n s  a s  dashed l i n e s ,  is  given i n  F igu re  3. Such a s t r u c t u r e .  
p rov ides  f o r  e x p l i c i t  r e c o g n i t i o n  o f  i n t e r a c t i o n s  bo th  w i t h i n  t h e  
a r e a  and between t h i s  and t h e  o t h e r  two a r e a s .  I n  t h e  c o n t e x t  of  
t h i s  s t r u c t u r e  t h e  i n t e rdependenc ie s  o f  t h e  f o u r  i s s u e s  become 
more manageable. 
The f i b r e  market i s  d r i v e n  by a r e a s  2 and 3 ,  b u t  t h i s  market 
must be r e spons ive  t o  h a r v e s t i n g  and d e l i v e r y  c o s t s  i n  bo th  t h e  
s h o r t  and long  run.  Furthermore,  t h e  f i b r e  market  should i n f l u -  
ence,  and be in f luenced  by,  t h e  f i b r e  supply i n  t h e  l o n g e r  run. 
I n  t h e  s h o r t  run,  t h e  i n t e r n a l  c o n p e t i t i o n  f o r  t h e  produc ts  
of  t h e  f o r e s t  t a k e s  p l a c e  i n  t h e  f i b r e  market ,  b u t  t h e  r e s u l t s  of  
t h i s  compet i t ion  have s u b s t a n t i a l  longer- term e f f e c t s  on t h e  
a v a i l a b i l i t y  o f  supply  i n  terms of  bo th  l a n d  use  and management 
o f  t h e  resource .  
Convent ional  a n a l y s e s  f r e q u e n t l y  i g n o r e  t h e  f a c t  t h a t  t h e  
a c t i o n  o f  t h e  f i b r e  market ,  through t h e  medium o f  h a r v e s t i n g ,  has  
a profound i n f l u e n c e  i n  t h e  s t r u c t u r e  o f  t h e  f o r e s t  r e sou rce  and 
consequent ly  on t h e  n a t u r e  of  t h e  long-term f i b r e  supply.  
Inc reased  mechanisat ion o f  h a r v e s t i n g  can r e s u l t  i n  a s p i r a l  
e f f e c t ,  where decreased  l abour  needs r e s u l t  i n  an a c c e l e r a t i n g  
p r e s s u r e  t o  mechanise, and f u r t h e r  adverse  e f f e c t s  on t h e  l abour  
market. 
The proposed IIASA p r o j e c t  w i l l  develop formal exp res s ions  
o f  i n t e r r e l a t i o n s h i p s ,  a t  a p p r o p r i a t e  l e v e l s  o f  r e s o l u t i o n ,  t o  
permi t  s y s t e m a t i c  e x p l o r a t i o n  o f  reasonably  p o s s i b l e  f u t u r e s  o f  
f o r e s t r y  o p e r a t i o n s  i n  t h e  l a r g e r  c o n t e x t  o f  t h e  whole i n d u s t r y .  
The purpose h e r e  is t o  fo rmal ly  l i n k  c o n s i d e r a t i o n s  o f  r e sou rce  
management p o l i c y  t o  market  c o n s i d e r a t i o n s  i n  such a manner t h a t  
i i m i t a t i o n s  i n  both  d i r e c t i o n s  can be seen.  
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Figure  3: I n t e r a c t i o n s  o f  t h e  A r e a s .  
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AREA 2--STRUCTURE AND PLANNING.  
This  a r e a  is  concerned wi th  f a c t o r s  l y i n g  o u t s i d e  t h e  ind iv id-  
u a l  f o r e s t  o r  t h e  f o r e s t  i n d u s t r y  u n i t .  I t  is concerned wi th  
t h e  economic and i n s t i t u t i o n a l  environment of  t h e  f i rms  of t h i s  
s e c t o r .  
T r a d i t i o n a l l y ,  s t r u c t u r a l  and macro economic development has  
been t r e a t e d  w i t h i n  a f o r e c a s t i n g  framework. Th i s  means t h a t  
decision-makers w i t h i n  i n d u s t r y  have t r ied  t o  make p r o j e c t i o n s ,  
f o r e c a s t s  and s c e n a r i o  s t u d i e s  of  i ts  economic environment i n  o r d e r  
t o  c r e a t e  a good b a s i s  f o r  t h e i r  own decision-making. However, 
i n t e r a c t i o n s  between i n s t i t u t i o n a l  and economic environmental  
f a c t o r s  and i n d u s t r i a l  d e c i s i o n s  have inc reased  i n  importance and 
it  is now necessary  t o  i n t e g r a t e  t h e  a n a l y s i s  o f  f i r m  d e c i s i o n s  
and gene ra l  economic and i n s t i t u t i o n a l  development i n  some compre- 
hensive approach. I t  is one of the major ambit ions  of  t h i s  pro- 
j e c t  t o  provide such a new approach t o  decision-making f o r  f o r e s t r y  
and t h e  f o r e s t  i ndus t ry .  Below w e  w i l l  g i v e  some p e r t i n e n t  ex- 
amples of  problems which have t o  b e  observed i n  such a systems 
a n a l y t i c  and comprehensive approach t o  t h i s  problem. 
Forecas t ing  of  t h e  World Market Development 
Under D i f f e r e n t  P r o t e c t i o n i s t  P o l i c i e s ,  
Fo recas t s  of t h e  development of t h e  world a a r k e t  i n  q u a n t i t a -  
t i v e  terms a r e  a v a i l a b l e  t o  t h e  f o r e s t  i n d u s t r y  from FA0 and d i f -  
f e r e n t  c o n s u l t i n g  agenc ies ,  These f o r e c a s t s  a r e  normally r a t h e r  
c rude  i n  terms of  d i s a g g r e g a t i o n  i n  d i f f e r e n t  p roducts  and d i f -  
f e r e n t  geographica l  zones o f  t h e  world market. They a r e  crude i n  
t h e  sense  t h a t  they do n o t  t a k e  i n t o  account  t h e  i n t e r a c t i o n s  be- 
tween d i f f e r e n t  commodity types  i n  r e source  a l l o c a t i o n ,  It is 
t hus  o f t e n  t h e  c a s e  t h a t  f o r e c a s t s  f o r  d i f f e r e n t  p roducts  w i t h i n  
t h e  f o r e s t r y  s e c t o r ,  and f o r  p roducts  o u t s i d e  t h e  f o r e s t  i n d u s t r y ,  
a r e  n o t  t e s t e d  a g a i n s t  each o t h e r  f o r  cons i s t ency .  More o r  less 
s o p h i s t i c a t e d  t r e n d  p r o j e c t s  a r e  t h u s  p re sen ted  wi thout  be ing  
added t o g e t h e r  o r  ana lysed  as a whole, Th i s  means t h a t  t h e  indus- 
t r i a l  p l anne r s  have t o  make t h e i r  own independent p r o j e c t i o n s  of 
t h e  development of  r e l a t i v e  p r i c e s  o f  t h e  commodities t o  be pro- 
duced and used a s  i n p u t s .  
New t echniques  f o r  s imul taneous f o r e c a s t i n g  o f  d i saggrega ted  
q u a n t i t a t i v e  developnent ,  development of  p r i c e s  and development 
of demand a s  in f luenced  by i n s t i t u t i o n a l  changes a r e  t h e r e f o r e  of 
g r e a t  need f o r  a b e t t e r  p lanning  o f  c a p a c i t y  expansion f o r  t h e  
indus t ry .  
I t  should be  an ambit ion t o  develop a new c o n s i s t e n t  method- 
ology f o r  f o r e c a s t i n g  of  i n t e r n a t i o n a l  demanc?, and supply i n  s i t u a -  
t i o n s  of s u b s t a n t i a l  changes i n  t r a d e  p o l i c i e s .  
Labour Market P o l i c i e s  and Regional  P lanning  
The o r g a n i s a t i o n a l  s t r u c t u r e  o f  t h e  labour  market  i s  of im-  
por tance  f o r  t h e  economics of  t h e  f o r e s t  i n d u s t r y .  
P e r s i s t e n t  imbalances on t h e  labour  markets  of  r eg ions  wi th  
a  dominance o f  f o r e s t  i n d u s t r y  due t o  n a t i o n a l l y  determined wage 
and t a x  policies i n d i c a t e  t h a t  t h e  development o f  t h e s e  r eg ions  
should be  ana lysed  from a  broad r e g i o n a l  a n a l y t i c  p o i n t  o f  view. 
A l loca t ion  o f  C a p i t a l  and Other  
Resources Between D i f f e r e n t  I n d u s t r i e s  
The development o f  f o r e s t  i n d u s t r i e s  is  f r e q u e n t l y  determined 
by a  n a t i o n a l  development p l a n ,  a  macro-economic program or  g e n e r a l  
a l l o c a t i o n  p o l i c i e s .  For t h e  f o r e s t  i n d u s t r y  t h e s e  n a t i o n a l  al-  
l o c a t i o n  g u i d e l i n e s  a r e  most impor tan t  i n  t h e  a l l o c a t i o n  o f  l and  
and m a t e r i a l  c a p i t a l .  It is  f o r  t h e s e  r ea sons  neces sa ry  t o  develop 
a  s tudy  o f  t h e  f o r e s t  i n d u s t r y  w i t h i n  a n a t i o n a l  economic alloca- 
t i o n  framework i n  which t h e  development o f  t h e  f o r e s t  i n d u s t r y  can 
be t r aded  o f f  a g a i n s t  development of o t h e r  sectors of  product ion.  
Long T e r m  Change i n  Economic S t r u c t u r e  
and Research and Development P o l i c i e s  
The high c a p i t a l  i n t e n s i t y  o f  t h e  f o r e s t  i n d u s t r y  and t h e  im-  
por t ance  o f  economies o f  s c a l e  i n  t h i s  s e c t o r  normally g i v e  r i s e  
t o  uneven development o f  t h e  i n d u s t r y ,  e s p e c i a l l y  a t  t h e  r e g i o n a l  
l e v e l .  I t  is t h e r e f o r e  r a t h e r  common t h a t  l a r g e  produc t ion  u n i t s  
have t o  b e  c l o s e d  down o r  s t a r t e d  up du r ing  ve ry  s h o r t  t i m e  spans  
w i th  c o n s i d e r a b l e  s o c i a l  consequences a t  t h e  r e g i o n a l  and p l a n t  
l e v e l .  
tiany d i f f e r e n t  groups b e s i d e s  i n d u s t r y ,  i . e . ,  l abour  un ions ,  
r e g i c n a l  policy-makers,  t r a d e  policy-makers,  e tc . ,  o f t e n  have d i f -  
f e r e n t  and c o n f l i c t i n g  o b j e c t i v e s  i n  t h i s  r e s p e c t .  Methodological  
development should t a k e  t h i s  mul t iob  j e c t i v e  n a t u r e  o f  t h e  long 
term s t r u c t u r a l  p o l i c y  problem i n t o  c o n s i d e r a t i o n .  
For t h e s e ,  and o t h e r  r ea sons ,  it seems t o  b e  necessary  t o  
develop some methods f o r  a n a l y s i n g  p o s s i b l e  economic s t r u c t u r a l  
changes and R&D w i t h i n  an i n t e g r a t e d ,  industry-wide framework. 
Energy Supply and Demand 
The f o r e s t  i n d u s t r y  has  a  g r e a t  importance i n  t h e  c o n t e x t  o f  
energy supply and demand. 
A s tudy  o f  energy i n  t h e  f o r e s t  i n d u s t r y  from t h e  p o i n t s  o f  
view o f  consumption and c o n t r o l l e r  of l a n d  s u i t a b l e  f o r  biomass 
produc t ion  i s  s u i t a b l e  a t  IIASA, which has  a  long t r a d i t i o n  i n  
s t u d i e s  o f  energy and s o c i e t y .  
P o l l u t i o n  and . the Natura l  Environment 
The f o r e s t  i ndus t ry  s e c t o r  i s  a l a r g e  use r  of  n a t u r a l  re- 
sources  i n  t h e  product ion processes .  With t h e  growing i n t e r e s t  
i n  environmental cond i t ions  t h e  s e c t o r  i s  now cnder severe  pres-  
s u r e  from d i f f e r e n t  p o l i c y  groups t o  engage i n  new, resource  con- 
serv ing  production techniques.  The environmental  cons ide ra t ions  
a r e  c h a r a c t e r i s t i c a l l y  long term i n  na tu re  and new methodologies 
f o r  s t r a t e g i c  planning of  environmental and R&D p o l i c i e s  f o r  t h e  
f o r e s t  i n d u s t r i e s  must be developed. 
Living Conditions in Fores t ry  Regions 
The problem o f  c r e a t i n g  modern s o c i a l  cond i t ions  i n  f o r e s t r y  
reg ions  is an important  i s s u e .  P a r t l y  a s  a  r e s u l t  of s o c i a l  con- 
d i t i o n s  f o r e s t r y  reg ions  a r e  f ac ing  an t imigra t ion  and a  f u t u r e  o f  
an i n s u f f i c i e n c y  of labour  supply. 
AREA 3--PRODUCTION 
This  Area d e a l s  wi th  t h e  problems involved wi th  t h e  s h o r t  and 
long t e r m  opera t ion  and planning of t h e  e x i s t i n g  product ion 'capa-  
c i t y  on co rpora te ,  r eg iona l  and n a t i o n a l  l e v e l s .  The problems 
he re  a r e  h ighly  in te rconnected  with t h e  problems i n  o t h e r  a reas .  
Figure 4 c l a r i f i e s  t h e  in t e rconnec t ions ,  i n p u t s  and ou tpu t s  of  
t h i s  a rea .  
E f f e c t i v e  use of  r e c e n t  developments i n  computer and informa- 
t i o n  technology and modelling techniques i s  expected t o  g i v e  posi-  
t i v e  r e s u l t s  i n  t h i s  a r e a .  I t  would be expected bhat models could 
be developed t o  enable  one t o  s tudy problems such as :  
Dynamic I n t e r a c t i o n s  
from o t h e r  a r e a s  
Models P o l i c i e s  "Optimal " 
P R O D U C T I O N  p o l i c i e s  
E f f e c t s  on 
Direc t  and i n d i r e c t  o t h e r  a r e a s  
inputs  
Cons t ra in t s  
Disturbances 
Figure 4 :  C l a r i f i c a t i o n  of t h e  In te rconnec t ions ,  Inpu t s  
and Outputs of Production.  
-- Coordinated usage o f  f o r e s t  r e s o u r c e s ;  
-- Coordinated o p e r a t i o n  of  d i f f e r e n t  m i l l s  ( p e r  p roduc t ion  
l i n e ,  m i l l ,  c o r p o r a t e )  ; 
-- Coord ina t ion  of  d i f f e r e n t  p roduc t ion  u n i t s  (a10 ng a  
p roduc t ion  l i n e )  ; 
-- Using f o r e c a s t s  and a d j u s t i n g  t h e  o p e r a t i o n  acco rd ing ly ;  
-- Produc t ion  p lanning  shor t - te rm and long-term ( m i l l ,  
c o r p o r a t e )  ; 
-- Optimal o p e r a t i o n  o f  t h e  m i l l  ( h i e r a r c h i c a l  c o n t r o l  
sys tems)  ; 
-- E f f e c t s  o f  changing technology (new p r o c e s s e s ,  c l o s e d  
m i l l  concep t ,  energy,  environmental  c o n s t r a i n t s ,  etc. ) ; 
-- E f f e c t s  o f  changing computer and in fo rma t ion  technology 
( o p e r a t i o n ,  demand) ; 
-- E f f e c t i v e  u se  o f  system a n a l y t i c a l  t o o l s  and computer 
technology i n  management of  f o r e s t  i n d u s t r y  e n t e r p r i s e s  
and m i l l s  ( h i e r a r c h i c a l  s t r u c t u r e  o f  in format ion  and 
Con t ro l  Systems) ; 
-- Concept o f  ve ry  h i g h l y  ( o r  f u l l y )  automated pu lp  and 
paper  m i l l s  ; 
-- New energy concepts  and low p o l l u t i o n  m i l l s .  
The t a r g e t  o f  t h i s  p r o j e c t  i s  t o  deve lop  t o o l s  and g e n e r a l  
methodology f o r  h e l p i n g  management i n  s o l v i n g  t h e  above problems. 
Of cou r se  each m i l l  o r  c o r p o r a t i o n  w i l l  use  t h e i r  own d a t a  and 
modify t h e  models f o r  t h e i r  own use  i n  each a c t u a l  case. 
The models cou ld  be  a p p l i e d  t o  a s i n g l e  m i l l  o r  any number 
o f  m i l l s  and t h u s  could  h e l p  i n  t h e  i n t e r n a l  c o o r d i n a t i o n  of  a  
company. Good f o r e c a s t s ,  databanks and in fo rma t ion  and p lanning  
systems are e s s e n t i a l  and needed h e r e .  With r e s p e c t  t o  t i m e  scale, 
t h e  problems range from t ime c o n s t r a i n t s  i n  t h e  o r d e r  of  magnitude 
of a  few seconds a t  t h e  produc t ion  c o n t r o l  l e v e l ,  t o  s e v e r a l  y e a r s  
a t  t h e  long-term p lanning  l e v e l .  
The models t o  be b u i l t  and used w i l l  have d i f f e r e n t  i n p u t  
d a t a  sets a t  d i f f e r e n t  l e v e l s .  For example, t h e  h i e r a r c h i c a l  in-  
formation and p roduc t ion  c o n t r o l  sys tem i n  a  m i l l  mainiy uses  t h e  
measured d a t a  o f  t h e  m i l l  a s  i n p u t s .  The o u t p u t s  of  t h e  system 
w i l l  be  d i r e c t  c o n t r o l  a c t i o n s  and i n s t r u c t i o n s  t o  t h e  personne l .  
A s  ano the r  example, t h e  d a t a  needed f o r  c o o r d i n a t i o n  and p lanning  
of  t h e  produc t ion  w i l l  b e  d i f f e r e n t  f o r e c a s t s  (demands, energy,  
l abour ,  supply ,  etc. ) and p l a n t  d a t a  ( c a p a c i t i e s ,  a v a i l a b i l i t i e s ,  
e t c . ) .  
The t h i r d  k ind  o f  problems i n  t h i s  a r e a  a r e  t h e  e f f e c t s  of  
changing technology,  e f f e c t s  o f  d i f f e r e n t  environmental  i s s u e s ,  
changing markets ( c o m p e t i t i v e  t echno logy) ,  d i f f e r e n t  f i n a n c i n g  
p o l i c i e s ,  etc. Earl ier  I I A S A  w o r k  i n  t h e  SDS a r e a  migh-t b e  
u t i l i z e d  i n  t h e s e  s t u d i e s .  
THE FOREST INDUSTRY-- 
ISSUES FOR THE EIGHTIES 
GENERAL 
1. The purpose of t h i s  no te  i s  t o  provide background 
m a t e r i a l  t o  t h e  proposa ls  set o u t  i n  t h e  d i scuss ion  
papers  prepared by t h e  Planning Task Force meeting 
he ld  i n  J u l y  1979, and i n  p a r t i c u l a r  t o  exp lo re  i n  
more d e t a i l  t h e  kind of  a s s i s t a n c e  t h a t  IIASA might 
be a b l e  t o  provide immediately--on t h e  b a s i s  of work 
undertaken--and, more impor tan t ly ,  t h e  kind of r o l e  
t h a t  it could f u l f i l l  when t h e  coordinated r e sea rch  
p r o j e c t  g e t s  under way. 
The omission o f  t h i s  m a t e r i a l  i n  t h e  d i scuss ion  n o t e s  
was de l ibe ra t e - - fo r  two reasons.  I n  t h e  f i r s t  p l ace ,  
e f f e c t i v e  a p p l i e d  systems a n a l y s i s  in decision-making 
can only  be undertaken when t h e  problems a r e  s t a t e d  
by t h e  decision-makers themselves. The a n a l y s t s  may 
specu la t e  and prompt, bu t  t hey  can only  guess a t  t h e  
r e a l i t i e s  wi th  which t h e  managers dea l .  A s  they  i n t e r -  
a c t  more c l o s e l y  so t h e i r  i n t u i t i o n  and unders tanding 
improves, bu t  t h e  work must be problem l ed .  It was 
t h e  i n t e n t i o n  of t h e  d i scuss ion  papers  t o  sugges t  t h e  
k ind  of problems t h a t  management f a c e s ,  whose s o l u t i o n  
can be a ided  ( i f  n o t . s o l v e d )  by systems a n a l y s i s .  W e  
f e l t  t h a t  t h e  choice  of problem should come from 
decision-makers. 
3 .  The reason f o r  no t  g iv ing  d e t a i l s  of e x i s t i n g  work 
a t  IIASA i s  p r e c i s e l y  because, a s  t h e  problems have 
no t  ye t -been  posed by the  indus t ry ,  a l l  t h a t  IIASA has 
a t  p resen t  t o  o f f e r  a r e  some models (which a r e  new 
and powerful) and some major conceptual ideas ,  r e l a t e d  
f o r  example t o  problems of innovation and computer usage. 
The models would be a v a i l a b l e  t o  t h e  indus t ry ,  and w e  
. would welcome t h e  opgortuhi ty t o  apply them i n  f u r t h e r  
r e a l  l i f e  s i t u a t i o n s  where t h e  r e s u l t s  would be of  
value. But t h a t  must no t  be t h e  main emphasis i n  t h e  
study. The main body of e x p e r t i s e  i n  systems a n a l y s i s  
r e l a t e d  t o  t h e  f o r e s t  indus t ry  must l i e  i n  t h e  f o r e s t  
indus t ry  i t se l f - -bu t  because of  our  i n t e r n a t i o n a l  
p o s i t i o n  and o u r  a b i l i t y  t o  draw on t h e - l e a d i n g  exper t s  
i n  t h e  f i e l d  who have appl ied  t h e i r  knowledge i n  many 
f i e l d s ,  we be l i eve  t h a t  w e  can p lay  a s u b s t a n t i a l  r o l e  
i n  he lp ing  t h e  indus t ry  t o  concent ra te  i t s  research  
e f f o r t s ,  draw more e f f e c t i v e l y  on world wide knowledge, 
develop new methodology, and improve t h e  e f f e c t i v e n e s s  
of implementation. It  is  a key r o l e ,  bu t  e s s e n t i a l l y  
a c a t a l y t i c  one. 
4 .  In  l i n e  with t h e s e  ideas  we have proposed t h a t  t h e  
inaugural  workshop should be b u i l t  around a d i scuss ion ,  
l e d  by t h e  indus t ry ,  of t h e  major problem a r e a s  where 
systems a n a l y s i s  can be appl ied  t o  he lp  t a c k l e  t h e  
I s sues  f o r  t h e  E igh t i e s .  The a n a l y s t s  i d e a s  of how t o  
do t h i s  can then be considered,  and a j o i n t  research  
program prepared. Before w e  d i s c u s s  t h e  poss ib le  form 
t h a t  t h i s  might t ake  we should f i r s t  cons ider  work t h a t  
is c u r r e n t l y  going on a t  IIASA t h a t  i s  r e l e v a n t  t o  t h e  
i s s u e s  concerned. 
RELEVANT WORK BEING CURRENTLY UNDERTAKEN AT IIASA 
1. World Trade Modeling. 
An input-output f o r e c a s t i n g  system is  under cons t ruc t ion  
within t h e  INFORUM-IIASA p r o j e c t .  Current ly ,  economic fore-  
c a s t i n g  models f o r  example f o r  t h e  following coun t r i e s  a r e  
i n  preparat ion:  Aus t r i a ,  Canada, t h e  Federal  Regublic of 
Germany, Finland,  France, Hungary, Japan, Norway, Sweden, 
t h e  United Kingdom and t h e  United S t a t e s  of America. Work 
is  now concentrated on l i n k i n g  these  models i n t o  a world 
t r a d e  p ro jec t ion  system. 
~t is  o f t e n  t h e  case  t h a t  t r a d e  f o r e c a s t s  f o r  d i f f e r e n t  
products wi th in  an economic s e c t o r ,  and f o r  products  ou t s ide  
t h i s  s e c t o r  a r e  n o t  t e s t e d  aga ins t  each o t h e r  f o r  consis tency.  
However, t h e  world t r a d e  system can be used t o  prepare 
c o n s i s t e n t  f o r e c a s t s  f o r  imports and expor t s  by commodity and 
by country. Besides a l t e r n a t i v e  p r o j e c t s  of t h e  volume of 
expor ts  and imports i n  phys ica l  u n i t s ,  a l s o  p r i c e  p r o j e c t s  
may be obtained based on d i f f e r e n t  assumptions about t h e  
development of  p r i c e s  of raw mate r i a l s .  
2 .  Nat iona l  F o r e s t r y  Economics. 
A s imula t ion  s tudy  o f  t h e  F inn i sh  f o r e s t  s e c t o r  was 
r e c e n t l y  completed a t  t h e  F innish  Fores t  Research I n s t i t u t e  
(FFRI). The purpose o f  t h i s  s tudy  w a s  t o  i n v e s t i g a t e  p o s s i b l e  
developments of t h e  n a t i o n a l  f o r e s t  s e c t o r  t a k i n g  i n t o  account 
r a w  wood a v a i l a b i l i t y  as w e l l  as l a b o r ,  product ion and 
f i n a n c i a l  resources .  A subsequent phase of  t h i s  s tudy  was 
s t a r t e d  a t  IIASA i n  1978 i n  connect ion wi th  i t s  dynamic l i n e a r  
programming t a s k  and i n  coopera t ion  wi th  FFRI. I n s t e a d  of  
s imu la t ion ,  op t imiza t ion  techniques  a r e  used a s  they  b e t t e r  
s u i t  f o r  s tudying  t h e  i n h e r e n t  m u l t i p l e - c r i t e r i a  group d e c i s i o n  
problem. 
The i n t e n t i o n  o f  t h i s  c a s e  s tudy  i s  t o  g i v e  t h e  p o l i c y  
makers some i n s i g h t  f o r  t h e  p o s s i b l e  outcomes of  d i f f e r e n t  
p o l i c i e s  i n  t h e i r  t a s k  concerning long-range development of 
t h e  F inn i sh  f o r e s t  s e c t o r .  A f u r t h e r  q u e s t i o n ,  o f  s p e c i a l  
methodological  i n t e r e s t  t o  IIASA is  t o  s tudy  p o l i c y  format ion 
when t h e  p o l i c y  makers r e p r e s e n t  i n t e r e s t  groups wi th  vary ing  
o b j e c t i v e s  and a c t i o n s  f o r  c o n t r o l .  I n  t h i s  con tex t  such 
groups may be t h e  f o r e s t  i n d u s t r y ,  l a b o r  unions ,  f o r e s t  owners, 
f i n a n c i a l  agenc ies  and l o c a l  and n a t i o n a l  governments. The 
i n t e n t i o n  is t o  develop an approach which i s  a  t h e o r e t i c a l l y  
v a l i d  procedure and y e t  can be app l i ed  t o  p r a c t i c e  when 
so lv ing  such group d e c i s i o n  problems. N a t u r a l l y ,  t h i s  s t u d y ,  
being c a r r i e d  o u t  a t  IIASA would provide  a framework f o r  
producing s i m i l a r  s t u d i e s  f o r  o t h e r  n a t i o n s .  
The approach desc r ibed  above may e a s i l y  be extended t o  
r eg iona l  economic s t u d i e s  of t h e  f o r e s t  s e c t o r  (provided t h a t  
t h e  d a t a  i s  a v a i l a b l e  a t  t h e  r e g i o n a l  l e v e l ) .  
3 .  Regional S tud ie s .  
The problem o f  l and  a l l o c a t i o n  between a g r i c u l t u r e ,  
f o r e s t r y  and o t h e r  space- in tens ive  a c t i v i t i e s  h a s  a h igh  
p r i o r i t y  a s  a  t o p i c  of  r e s e a r c h  a t  IIASA. The b e s t  ba lance  
f o r  example between f o r e s t r y  and a g r i c u l t u r e  i n  l and  use  does 
n o t  always r e s u l t  from t h e  f r e e  market f o r c e s  i n  a  number o f  
c o u n t r i e s .  The p r i c e s  o f  a g r i c u l t u r a l  commodities are, f o r  
i n s t a n c e ,  o f t e n  kept  a t  a high l e v e l  w i th  t h e  a i d  of  custom 
d u t i e s  and import quotas  and t h u s  t h e  p r i c e s  of a g r i c u l t u r a l  
p roducts  o f t e n  r e s u l t  i n  a t o o  h igh  va lue  o f  l and  f o r  
a g r i c u l t u r e  as compared t o  f o r e s t r y .  It  i s  consequent ly  
u s e f u l  t o  develop r e g i o n a l  l and  use  models w i th  a simultaneous 
cons ide ra t ion  o f  d i f f e r e n t  a g r i c u l t u r a l  and f o r e s t r y  uses .  
Such models have been developed a t  IIASA i n  connect ion 
wi th  case  s t u d i e s  of  r e g i o n a l  development. One of  t h e s e  
models has  been designed t o  cope wi th  t r a n s p o r t a t i o n ,  o t h e r  
l o g i s t i c a l  problems, and environmental  c o s t s  under c o n d i t i o n s  
of  economies of s c a l e .  I t  is  p o s s i b l e  t o  adapt  t h e s e  models 
t o  a  s tudy  of e f f i c i e n t  use  o f  l and  wi th  an e x p l i c i t  cons idera-  
t i o n  of  m u l t i p l e  o b j e c t i v e s .  
Models of  s e c t o r a l  and r e g i o n a l  a l l o c a t i o n  of l a b o r ,  
investments ,  and renewable and non-renewable n a t u r a l  r e sources  
have been developed a t  IIASA. These models a r e  c u r r e n t l y  
being t e s t e d  i n  a number of c o u n t r i e s ,  inc luding  Sweden, 
Bulgar ia  and Poland. A f u l l  cons ide ra t ion  of  t h e  r e g i o n a l  
problems of t h e  f o r e s t  i n d u s t r i e s  would n o t  r e q u i r e  major 
new b a s i c  r e sea rch  bu t  r a t h e r  some f u r t h e r  a n a l y s i s  and 
adap ta t ion  of t h e s e  models. 
4 .  Problems of Technological  Change. 
The f o r e s t  i n d u s t r y  is  f a c i n g  many changes and problems 
which w i l l  d i r e c t l y  o r  i n d i r e c t l y  a f f e c t  t h e  t echno log ica l  
development. The t a s k  of  explor ing  t h e  d i r e c t i o n  of changes 
and i d e n t i f y i n g  t h e  impacts ,  s t i m u l a n t s  and b a r r i e r s  of  t h i s  
t echno log ica l  change i n  t h e  f o r e s t  i n d u s t r y  would be important.  
It  i s  no t  simply a ques t ion  of  p u t t i n g  more money i n t o  R&D 
bu t  a l s o  of i d e n t i f y i n g  t h e  most important  f i e l d s  of techno- 
l o g i c a l  innovat ion and t echno log ica l  o p t i o n s  which a r e  needed 
i n  o r d e r  t o  cope wi th  coming changes and c o n s t r a i n t s .  Also 
t h e  medium and long-term i n t e r a c t i o n s  between d i f f e r e n t  
technologies  and between technology and i ts environment a r e  
no t  w e l l  understood and s tud ied .  The problems of t echno log ica l  
change is  an ongoing t a s k  a t  IIASA. In  t h i s  p r o j e c t  gene ra l  
conceptual  i d e a s  of t echno log ica l  innovat ion ,  problems of 
d i f f u s i o n  of innovat ion wi th  i n d u s t r i e s  and d i f f e r e n t  innova- 
t i o n  p o l i c i e s  a r e  s tud ied .  Severa l  case  s t u d i e s  of  v a r i o u s  
i n d u s t r i e s  w i l l  a l s o  be done and t h e  f o r e s t  i n d u s t r y  could 
be one of  t h e s e .  
5. E f f e c t s  of  Small Sca le  Computers. 
The gene ra l  o b j e c t i v e  o f  t h i s  ongoing IIASA t a s k  is  t o  
s tudy  t h e  changes i n  work and o rgan iza t ion  t h a t  w i l l  fo l low 
from r a p i d  development and changes i n  small s c a l e  computer 
technology. Key q u e s t i o n s  then a r e ,  f o r  example, t h e  proper  
design o f  information systems and t h e  e f f e c t i v e  man/computer 
i n t e r f a c e .  
Computer technology and management information systems 
s t a r t e d  t h e i r  d i f f u s i o n  i n t o  t h e  f o r e s t  i ndus t ry  about twenty 
yea r s  ago. Today t h e r e  a r e  about 2,500 computer systems i n  
t h i s  i n d u s t r y ,  most of t h e s e  a r e  c o n t r o l l i n g  t echno log ica l  
p rocesses  (paper  machines, d i g e s t e r s ,  b leach  p l a n t s ,  e t c ; ) .  
I n  add i t ion  t o  t h i s ,  more and more i n t e r e s t  towards product ion 
planning and management information systems i n  t h i s  i ndus t ry  
has  a r i s e n  and some systems a r e  a l r e a d y  i n  ope ra t ion .  The 
development i n  computer hardware and sof tware  w i l l  open new 
p o s s i b i l i t i e s  and r a p i d  development of  t h e s e  systems. The 
f i n d i n g s  and r e s u l t s  of t h e  ongoing IIASA t a s k  on t h e  e f f e c t s  
of smal l  s c a l e  computers w i l l  be u s e f u l  and a p p l i c a b l e  t o  
t h e  f o r e s t  i ndus t ry .  
POSSIBLE WORK NOT YET BEING UNDERTAKEN AT I I A S A  
The work t h a t  IIASA could c o n t r i b u t e  t o  a combined s tudy 
of t h e  kind w e  a r e  d i scuss ing  could f a l l  i n t o  one of  t h r e e  
c a t e g o r i e s ,  de r iv ing  from d i f f e r e n t  a spec t s  of t h e  I n s t i t u t e ' s  
work. 
( a )  Because of i t s  i n t e r n a t i o n a l  c h a r a c t e r ,  t h e  I n s t i t u t e  is  
p a r t i c u l a r l y  s u i t e d  t o  undertaking s t u d i e s  of a g l o b a l  
c h a r a c t e r ,  r e q u i r i n g  information and c o l l a b o r a t i o n  from 
many coun t r i e s .  
(b)  A s  an i n t e r d i s c i p l i n a r y  i n s t i t u t e  of s c i e n t i f i c  excel-  
l ence ,  w e  a r e  a b l e  t o  provide t e c h n i c a l  a s s i s t a n c e  o r  
undertake b a s i c  r e sea rch  i n  most a s p e c t s  of  modelling-- 
p a r t i c u l a r l y  r e l a t i n g  t o  op t imiza t ion ,  s imula t ion ,  eco- 
nomies, c o n t r o l  theory--and i n  many f i e l d s  of a p p l i c a t i o n  
energy, a g r i c u l t u r e ,  environment, etc.,  etc. 
(c) A s  an i n s t i t u t e  of  app l i ed  systems a n a l y s i s  w e  have on 
our  s t a f f  e x p e r t s  with long exper ience  i n  t h e  e f f e c t i v e  
use  o f  systems a n a l y s i s  by managers a t  a l l  l e v e l s .  The 
s tudy and development of management information systems 
and dec i s ion  support  systems i n  t h e  f o r e s t  i n d u s t r y  a r e  
examples of r e sea rch  which could be undertaken i n  IIASA. 
POSSIBLE PLAN 
1. I n t e r n a t i o n a l  c o l l a b o r a t i v e  p r o j e c t ;  main p a r t  of 
r e sea rch  w i l l  be done i n  member c o u n t r i e s  by n a t i o n a l  
teams on t o p i c s  of n a t i o n a l  i n t e r e s t ,  o rgan iza t ion  and 
IIASA's r o l e  a s  expla ined  i n  t h e  Discussion Papers FN/1. 
2 .  IIASA's main e f f o r t s  could include:  
-- coordina t ion  and disseminat ion of r e s u l t s  and 
information;  
-- c o n s t r u c t i n g  a world t r a d e  model and long term 
f o r e c a s t s  f o r  f o r e s t  ~ r o d u c t s ;  
-- s t u d i e s  i n  innovat ion i n  management information 
systems and e f f e c t s  of  s m a l l  s c a l e  computer 
technology i n  t h e  f o r e s t  i ndus t ry ;  
-- a s s i s t i n g  i n  use and f u r t h e r  development of 
ind iv idua l  models developed i n  one country,  
making them more g e n e r a l l y  a v a i l a b l e  f o r  exchange. 
3 .  In  a d d i t i o n  t o  t h e  s c i e n t i s t s  doing work on those  t o p i c s  
mentioned above, IIASA s t a f f  c u r r e n t l y  inc ludes  a 
s p e c i a l i s t  i n  automation and information systems i n  t h e  
f o r e s t  i n d u s t r y  working f u l l  t i m e  i n  t h i s  p r o j e c t .  I f  
t h e  world t r a d e  model of f o r e s t  products  were t o  be 
b u i l t ,  2-3 a d d i t i o n a l  s t a f f  members would be  needed; 
t h e  o v e r a l l  coo rd ina t ion  of  t h e  p r o j e c t  and o t h e r  t o p i c s  
l i s t e d  would mean t h a t  a  t o t a l  o f  about  s i x  people  w e r e  
necessary .  These new s t a f f  members should  most ly  be 
drawn from t h e  i n d u s t r y  i t s e l f .  The b e s t  way t o  s o l v e  
t h i s  r e c r u i t m e n t  problem would be by secondment. Recru i t -  
ment would, of  cou r se ,  be a  c r i t i c a l  element i n  d e t e r -  
mining t h e  a p p r o p r i a t e  t i m e  s c a l e  f o r  t h e  p r o j e c t .  
4 .  The e s t i m a t e d  t o t a l  l e n g t h  of  such an i n t e r n a t i o n a l  p r o j e c t  
is  approximately  t h r e e  yea r s .  
5. A d e t a i l e d  r e s e a r c h  p lan  and t i m e  schedule  w i l l  be prepared  
fo l lowing  d i s c u s s i o n  a t  t h e  i naugura l  workshop on 
January  8-11, 1980 i n  Laxenburg, A u s t r i a .  
BENEFITS TO THE INDUSTRY AND IIASA. 
The b a s i c  i d e a  and r e s p o n s i b i l i t y  of IIASA i s  t h e  f u r t h e r  
development and a p p l i c a t i o n  of  systems a n a l y s i s .  The emphasis 
i s  on t h e  word a p p l i c a t i o n  and f o r  real a p p l i c a t i o n  work IIASA 
needs t h e  coope ra t ion  and suppor t  from i n d u s t r y  and o t h e r  
decision-makers. W e  see t h i s  s tudy  a s  an impor tan t  element i n  
ach iev ing  t h i s  g e n e r a l  o b j e c t i v e .  But any p a r t i c u l a r  co l l abo ra -  
t i v e  s tudy  needs  more d i r e c t  advantages  than  t h i s  t o  t h e  p a r t i e s  
aoncerned,  and i n  p a r t i c u l a r  t o  t h e  i n d u s t r y  i t s e l f .  The 
most obvious p o s s i b l e  b e n e f i t s  t o  t h e  i n d u s t r y  from t h i s  
p r o j e c t  a r e :  
-- Easy exchange of  systems a n a l y t i c a l  and o t h e r  i n t e r -  
d i s c i p l i n a r y  in format ion  a t  i n t e r n a t i o n a l  l e v e l  as 
r e l a t e d  t o  t h e  f o r e s t  i n d u s t r y .  I t  i s  well-known t h a t  
t h e  exchange o f  i n  format ion concerning technology and 
o t h e r  knowledge c l o s e l y  connected t o  t h e  s p e c i a l  
q u e s t i o n s  of  i n d u s t r y  i s  w e l l - e s t a b l i s h e d  b u t  t h i s  i s  
n o t  v a l i d  i n  systems a n a l y t i c a l  and o t h e r  i n t e r d i s c i p l i -  
na ry  a r e a s .  
-- Access t o  i n t e r n a t i o n a l  e x p e r t i s e  i n  a p p l i c a t i o n s  of 
systems a n a l y s i s  and r e l a t e d  a r e a s .  IIASA s t a f f  i nc ludes  
e x p e r t s  from a  wide range o f  a p p l i c a t i o n s  and knowledge 
and i n  a d d i t i o n  IIASA has  good c o n t a c t s  w i th  most 
i n s t i t u t e s  and s c i e n t i s t s  working i n  t h i s  a r ea .  
-- Maximum r e t u r n  from r e s e a r c h  expendi ture ;  i .e . ,  
p o s s i b i l i t y  t o  g e t ,  f o r  example, long-term g l o b a l  
f o r e c a s t s  of  t h e  world t r a d e  of  f o r e s t  p roduc ts  and 
methodology s u i t a b l e  f o r  a p p l i c a t i o n s  i n  n a t i o n a l  
and l o c a l  problems o f  t h e  f o r e s t  s e c t o r  w i th  a 
moderate expendi ture .  
-- More e f f i c i e n t  use of systems ana lys i s  in corpora te ,  
regional  and even na t i ona l  l eve l s .  
Besides those  general  t a r g e t s  mentioned above t h i s  
industry p ro j ec t  would give IIASA: 
-- a s p e c i f i c  incen t ive  f o r  methodological development; 
-- b e t t e r  understanding of r e a l  decision-making process 
i n  individual  organiza t ions ;  
-- a test-bed f o r  IIASA products;  and 
-- necessary con tac t s  w i t h  r e a l  l i f e .  
W e  f e e l  t h a t  t h i s  kind of p ro j ec t  i s  an e f f e c t i v e  way 
t o  use t he  .unique i n t e rna t i ona l  charac te r  and a l l  experiences 
and expe r t i s e  of IIASA. 
